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PREFACE 



Tms work is designed to take the place of the "Manual 
of Astronomj," published by the author in 1862. In method 
of treatment it is entirely new, and is much more compre- 
hensive than the previous work, containing a fuller expo- 
sition of elementary principles, and embodying the chief 
results of astronomical research diuing the last fifteen 
years,— a period exceedingly fruitful in discovery. 

The plan is as far as possible objective, in a proper sense ; 
that is, it is based upon the conceptions of the pupil ac- 
quired by an actual observation of the phenomena of the 
heavens, to which his attention is constantly directed ; the 
relation between these phenomena and the facts inferred 
from them being clearly shown at every step. Great pains 
have been taken to divest that part of the subject which 
treats of the Sphere of its usual arbitrary and complex 
character by developing the requisite ideas before present- 
ing formal definitions. 

Simplified methods of computing the numerical elements, 
such as periods, distances, and magnitudes, are given 
throughout the work ; in most cases the calculations being 
made for the pupil, but without recourse to any other than 
elementary arithmetic and the most r:idimental principles 
of geometry. These calculations are based on the recent 
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determination of the solar parallax^ and other elements as 
established by the latest observations and researches of dis- 
tinguished astronomers ; and it is believed that, presented 
in this way, they will prove valuable as arithmetical exer- 
cises, as well as an important aid in imparting clear, correct, 
and permanent conceptions of the astronomical truths. 

Brief historical sketches of the various discoveries — a 
most fascinating part of the subject — are given in connection 
with the facts to which they relate. These, with all other 
matter designed to elucidate or exemplify the text, are 
printed in smaller type, and in distinct paragraphs, which 
have been distinguished by letters, so as to be readily refer- 
red to, and conveniently indicated by the teacher in assigning 
lessons. 

The Problems for the Olobes have been placed in connection 
with that part of the text to which they refer and in which 
they are designed to exercise the pupil. 

The ilhistrations are copious, and have been engraved 
specially for this work, many from original drawings and 
diagrams*; the telescopic views, from drawings and photo- 
graphs made bv distinguished observers. All the important 
English astronomical works of recent date have been 
carefully consulted. 

The author hopes that this little volume, containing as it 
does a full exposition of the recent progress and present 
condition of the sublimest of all sciences, will prove a 
useful and acceptable addition to the educational facilities 
so copiously supplied at the present time. 

New Yobk, January 15, 1SG8. 
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INTRODUCTION. 



MATHEMATICAL DEFINITIONS. 

1. Astronomy * is that branch of science which treats of 
the heavenly bodies ; as the sun, moon, stars, comets, etc. 

Before even the simple elements of this science can be learned, it h« 
necessary that the rndiments of geometry should be understood ; hence, 
the following definitions are here presented as an introduction. For con- 
venience of treatment, more are, however, inserted in this section than the 
student will need, at first, to apply. The teacher should, therefore, not 
only see that they are learned by way of preparation for the general subject, 
but be carefol to recur to them, when the pupil reaches the parts of the 
subject to which they specially refer. 

2. Extension, or magnitude, may be measured in three 
directions ; namely, length, breadth, and thickness. These 
are therefore called the dimensions of extension. 

a. Iiength is the greatest dimension ; Thickness, the shortest ; 
Breadth, the other. 

3. A Line is that which is conceived to have only one 
dimension. 

a. Lines have no real existence independently of extension, or solidity. 
They are purely abstract or imaginary quantities : the marks called 
lines are only represerUati'cea of them. 

4. A Straight Line is a line that does not change its 
direction at any point 



♦ Derived from the Greek words Astron, meaning a star, and JVoww, 
meaning a law. 

QUEBTIOKS.— 1 . What iR astronomy ? 2. How may extension be measured ? «. T^ngth, 
breadth, and thickne8B,~hoir distinguished ? 3. What is a line ? a. Have lines any 
real existence? 4. What is a straight line? 



10 MATHEMATICAL DEFINITIONS. 

6. A CuBVE Line is one that ^changes its direction at 
every point. 

6. A Point is that which is conceived to have no dimen- 
sions, but only position. 

a, A point is represented bj a dot ( . ). 

6. A straiglit line measures the shortest distance between two points. 

7. A Surface is that which is conceived to have two 
dimensions, length and breadth. 

8. A Plane Surface, or Plane, is a surface with which, 
if a straight line coincide in two points, it will coincide 
in all. 

a. That is, a straight line cannot Ue partly in a plane, and partly 
out of it ; and if applied to it in any direction, it will coincide with it 
throughout its whole extent. The term plane does not imply any 
limitation, or boundary, but signifies indefinite directio^ without 
change, both as to length and breadth. 

9. A plane bounded by lines is called a Plane Figure. 

10. A Circle is a plane figure bounded 
by a curve line every point of which is 
equally distant from a point within, 
called the centre, 

11. The curve line that bounds, a cir- 
cle is called the Circumference. 

12. The Diameter of a circle is a 
straight line drawn through its centre 

from one point of the circumference to another. 

13. The Radius is a straight line drawn from the centre 
to the circumference. 

14. An Arc is any part of the circumference. 

Questions.— 5. What is a curve line? 6. A point? a. How represented ? 6. The 
shortest distance between two points? 7. What io a surface? 8. A plane surface? 
a. Does the term plane imply any limit? 9. What is a plane figure? 10. What is a 
circle? 11. Wliat is meant by the circumference ? 12. The diameter? 13. The iradius? 
U. What is an arc? 
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15. A Tangent is a line which touches the circumference 
in one point. 

16. A Semicircle is one-half of a circle ; a Quadrant is 
a quarter of a circle. 

17. The circumference of a circle is supposed to be divided 
into 360 degrees, each degree into 60 minutes, and each 
minute into 60 seconds. 

a. Degrees are marked ( ® ) ; minutes, ( ' ) ; and seconds, {"\ 

18. An Angle is the difference in direc- 
tion of two straight lines that meet at a 

• point, called the vertex. 

a • It is of the greatest importance that the student 
of Astronomy should form a clear idea of an angle, anoia 

since nearly the whole of astronomical investigation is based uix)n it. 
The apparent distant of two objects from each other, as seen from a 
remote point of view, depends upon the difference of direction in which 
they are respectively viewed ; that is to say, the angle formed by the 
two lines conceived to be drawn from the objects, and meeting at the 
eye of the observer! This is caUed the angular distance of tlie objects, 
and, as will readily be understood, increases as the two objects depart 
from each other and from the general line of view. 




Flff. 3. 
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19. The Angle of Vision, or Visual Angle, is the 

Questions.- 15. What is a tangent? 16. A semicircle? A quadrant? 17. How 
is the drcamference conceived to be divided? a. How are degrees, minutes, and 
seconds msrked? 18. Wliatis an angle? a. Its importance in astronomy? What is 
sngular distance ? 19. What is the angle of rision ? 
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angle formed by lines drawn from two opposite points of a 
distant object, and meeting at the eye of the observer. 

a. It will be easily seen that, as the a/ppwrent me of a distant object 
depends upon the angle of vision ander which it is viewed, it must 
diminish as the distance increases, and vice versa. 

Thus, the object A B (Fig. 3) is viewed under the angle A P B, which 
determines its apparent size in that position ; but when removed farther 
from the eye, as at C D, the aagle of vision becomes C P D, an angle ob- 
viously smaller than A P B, and hence the object appears smaller. At £ F, 
the object appears larger, because the visual angle E P F is larger. The 
farther the object is removed, the less the divei^ence of the lines which 
form the sides of the angle ; and the nearer the object is brought to the eye, 
the greater the divergence of the lines. 

20. An angle is measured by drawing a circle, with the 
vertex as a centre, and with any radius, and finding the 
number of degrees or parts of a degree, included between 
the sides. 

21. A Right Angle is one that con- 
tains 90 degrees, or one-quarter of the 
circumference. 

22. When one straight line meets an- 
other so as to form a right angle with it, 
it is said to be perpendicular. 

23. A straight line is said to be per- 
pendicular to a circle when it passes, or 
would pass if prolonged, through the 
centre. 

24. An angle less than a right angle is 
called an Acute Angle ; one greater 
than a right angle is called an Obtuse 

-Angle. 



Fig. 4. 
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Fig. 6. 




Questions. — n. How dependent on the distance of an object? Explain from the dia- 
gram. 20. How is an angle measured ? 21. What is a right angle? 22. When is one 
line perpendicular to another ? 28. When is a straight line perpendicular to a cirdo ? 
24. What is an acute angle ? An obtuse angle ? Illustrate hy Fig. 7. 
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In the annexed diagram, the aeml-cir- 
cumference U used to measare all the 
angles having their vertices, or angular 
points, at C. Thus BCD, containing 
the arc B D, is an angle of 460; B C E, 
an an^le of OQO; and B C F, of 120°, 
The points A and B are at the angular 
distance of 180^, or two right anglet 
from each other. 



26. A Tbiangle is 
bounded by three sides. 



a plane figure 



Fic.a 




Parallel Lines . 



a» The sum of the three angles of every trian- 
gle is equal to two right angles. 

b, A triangle that contains a right angle Is 
called a Bight-angled Triangle, 

c. A triangle having equal sides is called an 
EqyiUateral Triangle. 

€l. Each of the angles of an equilateral triangle 
is an angle of 60° ; since the three angles are 
equal to each other, and their sum is equal to 
180O. 

36. Parallel Lines are those situ- 
ated in the same plane, and at the same 
distance from each other, at all points. 

ce. ParaUel lines may be either straight or 
carved. 

. b» The circumferences of concentric circles, 
that ill, circles drawn around the same centre, are 
paralleL 

27. An Ellipse is a curve line, from any point of which 
if straight lines be drawn to two points within, called the 
foci, the sum of these lines will be always the same. 

QuESTioifS.~25. What is a triangle ? a. Sam of its three angles ? b. What is a right- 
angled triangle ? c. An equilateral triangle ? d. The yalne of each of its angles ? Why ? 
801. What are parallel lines? a. Are they always straight? b. When are eirelM par- 
aOel? 27. What is an ellipse? 
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The curve line D B £ Q reprcsenti 
an ellipse, tlie .sam of tfle two straig^ht 
lines drawn to F and F, the foci, from 
the pointB A, B, and C, respectively, 
being always equal. Tills sum is equal 
to the longest diameter, D E. 

28. The longest diameter of 
an ellipse is called the Major ♦ 
Axis ; f and the shortest diam- 
eter, the Minor* Axis. 

In the diagram, D E is the mi^or axis, and B G the minor axis. 

29. The distance from either of the foci to the centife of 
the ellipse is called the Eccentricity J of the ellipse. 

a. It will be readily Been that the greater the eooentridty of an 
ellipse, the more elongated it is^^and the more it differs from a circle ; 
while, if the eccentricity is nothing, the two foci come together, and 
the ellipse becomes a circle. 

b. The distance from the extremity of the minor axis to either of the 
fed is always equal to one-half of the major axis. 

In the above diagram, F O is the eccentricity, and B F is equal to D O. 
The amount of eccentricity of any ellipse is ascertained by comparing it 
with one-half the mi^or axis. Thus, in the diagram, O F being about one 
half of O D, the eccentricity of the ellipse may be nearly expressed by .5. 

30. A Sphere, or Globe, is a round body every point of 
the surface of which, is equally distant from a point within, 
called the centre. 

31. A Hemisphere is a half of a globe. 

32. The Diameter of a sphere is a straight line drawn 



* Major and Minor are Latin words, meaning greater and ?c««. 
t A Latin word meaning an azfo, that on which any thing turns. 
X From the Greek, ec, from, and centron, the centre. 

Q[nBBnoNB.-28. What it the mi^or axis ? The minor ucis ? 89. What it meant by 
eccentricity ? a. What does it show ? h. Distance of foci from the extrem|ft»cf minor 
axi« ? Explain trom the diagram. 90. What is a sphere ? 31. A hemispMSr?? 89. The 
diameter of a sphere ? 
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through the centre, and ter- 
minated both ways by the sur- 
fece of the sphere. 

33. The Kadius of a sphere is 
a straight line drawn from the 
centre to any point of the^urface. 

34. Circles drawn on the sur- 
face of a sphere are either Gbeat 
CiBCLES or Small Cibcles. 

35. Gbeat Cibcles are those 
whose planes divide the sphere 
into equal parts. 

36. Small Cibcles are those whose planes divide the 
sphere into unequal parts. 

^37. The Poles of a Cibcle 
are two opposite points on the 
surface of the sphere, equally dis- 
tant from the circumference of 
the circle. 



a» The poles of a great circle are, of 
coarse, 90° distant from every point 
of its circumference. 

6. Two drdes of the sphere are par- 
allel when they are equally distant from each 
other at every point. 

c. Two circles are perpendicular to each other 
when their planes are perpendicular, or at right 
angles with each other. 

d. The Plane of a Oixola or any other figure 
is the indefinite plane surfiice on which it may 
be conceived to be drawn. 




PCSPKimtCTTLAB PLAVU. 
Fig. 15. 




PLANES OF OSEATOIXOLEft. 



QuBBTiOKs.— 88. What iB the radius? 34. How are circles of the sphere dividedl 
8!^ What are great cirdea? 88. Small circles? 37. Poles of a circle ? <r. Poles of a 
Kreat circle? h. When are circlet of the sphere parallel? e. When perpendicular? 
(f . What is meant by the plane of a circle ? 
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38. A SpHeboid* is a body resembling a sphere. 
Fiff. i& ^^- There are two kinds of spheroids ; 

Oblate and Pbolate Spheroids. 

40. An Oblate Spheroid is a sphere 
flattened at two opposite points^ called the 
poles. " 

41. A Prolate Spheroid is a sphere 
oblIto BPHDiomi extended at two opposite points. 

Thus, an orange is a kind of oblate spheroid ; and an egg^ a kind of 
prolate spheroid. 




* Spheroid means Hke a sphere. Oid is A*om the Greek word etdo^ mean- 
ing to retemble. 



Questions.— 38. What is a spheroid ? 89. Hoir many kinds of spheroids? 40. What 
Is an oblate spheroid f 41. A prolate spheroid ? 



CHAPTER I. 

THE HEAVENLY BODIES— OBKEBAL PHSNOHEKA. 

1. The SuK, the. Moon, and the Stabs, are the most 
conspicuous bodies of which astronomy treats. 

a. Antiquity of the Science.— The variooB appearances presented 
by these bodies most always have engaged the attention of mankind. 
The sublime spectacle of the stany heavens would naturally, in the 
earliest times, excite the admiration of the most careless or ignorant 
observer ; and the curiosity of mankind would be early aroused to 
ascertain the nature of those " refulgent lamps " which lend so much 
splendor and beauty to the otherwise sombre gloom of night. 

Hence, we find that astronomy is a very ancient science. The shep- 
herds of Chaldea,* and the priests of Egypt and India, had, in remote 
antiquity, made some progress in sstronomical discovery ; and, it is 
said, Chinese observations are on record that date back more than 
1000 years before Christ. 

&• Ordinary Phenomsna. — ^The most obvious phenomena f con« 
nected with these bodies are their risffig and setting, and their 
constant motion in the same general direction from one aide of the 
heavens to the other ; and consequently these appearances were prob- 
ably among the first that incited to scientific inquiry. 

c. The Earth's Rotation.— The simple fitet that the earth— the 
body on which we are placed — ^tums round once every twenty-four 
hours, clears away all difSculty in explaining these daily appearances ; 
but it was not until comparatively recent times that mankind could be 
brought generally to accept this truth. 

As late as 1633, it was deemed irreligious to believe in the motions 



* A country of antiquity, situated between the Euphnites and Tigris 
rivers. 
t Thenomena^ plural offihermnenon^ a Greek word meaning an appearance. 



QuissTiONa. — ^2. Which are the most conspicuous of the heavenly bodies ? a, Astron- 
omf— why an ancient acienoe ? b. What are the most ohvioas phenomena ? c. The 
earth's rotation-;-irhat does it explain ? Galileo f 
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of the earth ; and Galileo, hi his seventieth year, was imprisoned, and 
finally compelled to acknowledge himself as guilty of error and .heresy 
in teaching this astronomical trath. 

rl« The Stars appear to keep very nearly the same situations with 
respect to each other ; and hence were called Fixed Stare, to distin- 
guish them from other hodies which resemble, in their general appeai- 
ance, stars, but seem to move about in the heavens, at one time being 
hear one star, then another, now moving in one direction, then in 
another ; thus, as it were, wandering about in the heavens. For this 
reason, such bodies were called planetf, or wandering stars, 

[In the Greek language, planetis means a wanderer. The term fixed start 
is now but little used by astronomers; and in this worki. when the term 
stars is used, it is intended to designate fixed stars.] 

2. The apparent motions of the sun, planets, and stars 
are explained by supposing, 1. That the eai*th is a sphere, or 
nearly so ; 2. That it turns on its axis ; 3. That the earth 
and planets revolve around the sun ; and, 4. That the stars 
are situated at an immense distance from the sun and 
planets, in the regions of space, — a distance so vast that their 
movements with respect to eaoh other can not generally be 
discerned. . 

3. The sun with all the bodies revolving around it, is 
called the Solab* System. 

a. Oopemican System.— This arrangement of the sun in the centre 
with the planets revolving around it, is sometimes called the Coper- 
niean Sysiem, from Nicholas Copernicus, who, in 1543, revived the doc- 
trine taught by Pythagoras, a Greek philosopher, more than 2,000 
years before, that the sun is the central body, and that the earth and 
planets revolve around it. 

b. Ptolemaic System.— Previous to Copernicus, the general belief, 
for more than two thousand years, had been that the earth is the cen- 



* From the Latin word Sol^ n^eaninj? ttie sun. 



QmsBTiOT^s. — rf . Stars and planets— how distinguished ? What does planet mean ? 
8: How are the apparent motions of the sun, planets, and stars explained ? 3. What is 
the solar system ? a. The Copernlcan system— why bo called ? Pythagoras? 6. The 
Ptolemaic system— why so called ? Describe it 
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tre of the onivexBe, and that all the other bodies revolve arocnd it» in 
the following order: the moon, then the sun and planeta in their 
order, and then the stara Each of these bodies was conceived by 
Aristotle to be set in a hollow, crystalline sphere, perfectly transparent, 
by which it was carried around the earth and prevented from falling 
apon it. This celebrated system is very ancient, but being advocated 
And illustrated by Ptolemy, an eminent astronomer who Nourished at 
Alexandria, in Egypt, about 140 A.D., it was subsequently called the 
Ptolemaic System. 

c. The Invention of the Telescope.— The doctrine of Ck>pemicus, 
fiS promulgated in bis great work, styled the " Revolutions of the 
Oelestial Orbs,*' published in 1543, was at first generally rejected, and 
despised as visionary and absurd ; but the invention of the telescope, in 
1610, and the discoveries made by means of it, by Galileo and others, 
afforded abundant evidence of the truth of this hypothesis. 
Fig. 17. 

4. Planets are bodies that re- 
volve around the sun. 

5. The path in which we may 
conceive a planet to revolve is 
called its orbit. 

6. The planets all revolve around 
the sun in the same direction, in 
orbits nearly circular, and situated 
in nearly the same plane. 




A PLAT*ET*B OBUIT. 

Fig. la 




A COMBT*6 OBBIT. 



a. Comets' Orbits.— In these respects 
they differ from Comets, which also re- 
volve around the sun, but in different 
directions, in widely different planes, and 
in very elongated, or eccentric orbits; 
that is, elliptical orbits of great eccen- 
tricity. [See Introduction, Art. 29.] 

7. There are two kinds of planets; 
Primary and Secondary Planets. 



Questions.— c. What is Bald of the telescope ? 4. What are planets? 6. What Is 
the orbit of a planet ? 6, How do the planets revolve » a. Com^^rbits? 7. How 
many kinds of planets? 



'm^^orbil 
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8. Primary Planets are those that revolve around the 
sun only. 

9. Secondary Planets, generally called Satellites,* 
are those that revolye around their primaries, and, with 
them, around the sun. 

The moon is an example of a secondary planet. It is tlie earth's 
satellite, its revolution around the earth heing clearly indicated hy 
the changes which it undergoes each month. 

10. The Solar System is thus composed of the sun, the 
primary planets, the secondary planets, and the comets; 
while the stars are bodies situated at an immense distance 
beyond the system. 

11. All the heavenly bodies may be divided into two gen- 
eral classes; namely. Luminous Bodies and Opaque Bodies. 

12. Luminous bodies are such as shine by their own light ; 
opaque bodies are such as shine by reflecting the light ol 
some luminous body. 

a. The sun is evidently a luminous body ; for we receive from it 
both light and heat, and in every position it presents a resplendent cir- 
cular surface ddled its Disc, The moon is as evidently opaque, since 
it does not always exhibit an entire disc, but various portions of it at 
different times, such portions being called Phases. 

b» The stars present no disc, but only luminous points, shining with 
that twirikUng light which indicates their intense brilliancy and vast 
distance. They are believed to be luminous bodies, once we can dis 
cover no body from which they could receive their Ught ; and, more^ 
over, the light itself which they emit has different properties from 
those possessed by reflected light. 

c. The [Janets, though in general appearance resembling the stars, 
may readily be distipgulshed from them by their steady light. When 
viewed through a telescope, some of them exhibit phases like those 
of the moon. 

♦ From the Latin word scUetteSy (plural, tateUites^) meaning a gusird. 



QuEsnoxs.— 8. What are primary planets ? 9. Secondary planets? 10. Of whnt 1i 
the solar system oomposed ? Where are the stars ritnated? 11. What general dlri* 
sion of the heavenly bodies ? 1 2. What are luminous bodies ? Opaque bodies ? <v. Proof 
that the tun is luminous ? That the moon is opaque ? h, Troof that tliu stars art 
tnroinons ? e, I^|k>f planets —how distinguished from that of stars ? 



CHAPTER II. 

THE PLANETS. 
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13. There are eight large primary planets in the solar 
system, besides a great number of smaller ones, called Mn^OB 
Plai^ets, or Asteroids.* 

14. The names of the eight large primary planets, in the 
order of their distances from the sun, are Mercury, Venus, 
the Earth, Mars, Jupiter, Saturn, Uranus, and Neptune. 

15. All the primary planets except the earth are diyided 
into two classes, inferiqb and superior planets. 

16. Mercury and Venus are called inferior planets, because 
they revolve within the orbit of the earth ; Mars, Jupiter, 
Saturn, TJranus, and Neptune are called superior planets, 
because they revolve beyond the orbit of the earth. Instead 
of, the terms inferior and superior, interior and exteriqg' are 
sometimes used. 

a. Vulcan. — A planet inferior to Mercury has been supposed to 
exist ; and in 1850, a French astronomer was thought by some to have 
discovered it. Later observations have not, however, confirmed, but 
rather disproved, its existence. The name given to this supposed 
planet is Vvlcan. 

17. The Minor Planets are very small planets which 
revolve around the sun, between the orbits of Mars and 
Jupiter. Ninety-six have been discovered (1868). 

<f. These small planets were at first, and have been, very generally, 
called Asteroids ; they have also been called Planetoids. The name 

* From the Greek aster ^ meaning a star^ and eido^ to resemble. 

Questions. — 13. How many primary planets in the solar system? 14. What are the 
Dames of the largo planets ? 15. How divided ? 16. Which are palled inferior ? Which 
superior? Why? a. Vu1can-i-what is said of it? IT. What are the minof planets? 
Their number ? a. What other names arc applied to them ? 



THE PLANETS. 23 

abotre given has, however, been extensively used hj astronomers, and 
appears to he the most significant and appropriate. 

18. All the primary planets revolve around the sun in the 
direction which is designated /r(wn west to east, 

a. It is difficult to fi^ definitely the direction of circular motion, 
since when viewed in one position it may seem to be from left to right 
(as the hands of a dock move), and in another, from right to left. The 
motion of the planets, as we view them, is from righl to left,— the reverse 
direction of the hands of a dock. This is the direction indicated in the 
diagrams of this work. 

b. East !s at or near where the sun rises ; Wast, at or near where 
it sets. South is in the direction of the sun's place at noon ; North, 
directly opposite the south. If we stand so as to fac6 the north, the south 
will he hehind us, the east on the right hand, and the west on the left. 

19. Secondary planets, or satellites, have two motions: 
one around their primaries, and another, with them, around 
the sun. 

20. Eighteen satellites are known to exist in the Solar 
System : the earth has one, called the moon ; Jupiter has 
four ; Saturn, eight ; Uranus, four ; and Neptune, one. 

a. While Uranus is undouhtedly attended hy at least four satellites, 
there is a very great uncertainty as to the^xact numher whidi helonff 
to it. Sir William Herschel, hy whom this planet was discovered, in 
the latter part of the last century, detected, as he thought, six satel- 
lites ; hut only two of these have heen ohserved hy other astronomers, 
which, with two others discoTered in 1847, make the four referred to in the 
text. 

21. The satellites of the earth, Jupiter, and Saturn re* 
volve around their primaries from west to east; those of 
TJranus an^ Neptune, from east to west 

a. With the exception of the satellites of Uranus, and the catellite 
of Keptune, all the planets of the Solar System revolve in the same 
direction, that is, from west to east. 

QuxSTiONB. — ^18. What is the direction of the planets* motion ? a. How defined ? 
6, What]8ineanthyJ?^«^f Wetitt Southt North t 19. What motions have satel- 
lites ? 20. Hov many are known to exist ? Ennmcrato t!icm ? a. Satellites of Urancs } 
21. In what direction do the satellites reroiv.^ ? a, Whr.t uniformity of liiotion in the 
solar system ? 



CHAPTER III. 



MA6XITUDE8 OF THE SUN AND PLANETS. 
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22. The Sun is by far the largest body in the Solar Sys- 
tem, being more than 500 times as large as all the planets 
taken together. 

23. Its diameter is a little more than 850,000 miles. 

24. The LARGEST 

PLANET is Jupiter, its 
diameter being 85,000 
miles, or one-tenth ajs 
large as that of the 
sun. 

a. Volnma, Mass, 
Density. — ^The diameter 
of Japiter being one-tenth 
as large as the son's, its 
volume f or hulk, is one one- 
thonsandth (.001) that of 
the son ; since it is only 
one-tenth as great in each 
dimension, — ^length, 
breadth, and thickness ^ 
and f^j X ^ ^ A ~ Tifrnr. 

This is expressed generally by saying that solid bodies ofiimilar tihap ' 

are in proportion to the eiibes of their like dimensions. 
h. The volume of a body is the amount of space which it occupies. 




OOMPAKATm BUB OP BUir AND JUPITKB. 



QvESTiONB —22. What is the oompAratiye lixe of the sun ? 23. Length of its diam- 
eter ? 24. Which is the largest planet ? Its diameter ? a, ComparatiTe volume of the 
sua and Jupiter ? How found ? K Define votwrne. 
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as indicated hy its length, breadth, and thicknefls. The TolomM of 
bodies are in proportion to the products of their three dimenaioiia. 

c. Two bodies may be equal in volume, but contain very dIflbieDt 
quantities of matter, owing to the different degrees of oompactnen of 
their substance. Thus, a piece of cork, equal in bulk to a piece of lead, 
contains only about ^ as much matter. The quantity of matter which 
a body contains is called its mass) the degree of compactness of its 
Babtance is called its density, 

iU The mass of a body depends upon its volume and density con- 
sidered conjointly. Thus, if the volumes of two bodies are as 2 to 8, 
and their densities, as 1 to 5, their masses will beaslX2 to 8X5, or 
as 2 to 15 ; that is to say, the mass of the second will be 7i times ta 
great as that of the first. 

- — 25. The following are tb.e diameters of the large primary 
planets in miles : — 

[These are given in round numbers so as to be easily remembered ; a more 
exact statement will be found in another part of this work. It is imk 
portant that the student should carefully commit to memoiy these num- 
bers, since the relative magnitudes of the planets form the basis of much 
of the reasoning in respect to the solar system.] 

1. Jupiter, . . 85,000. "5. Earth, . . 7,912. 

2. Saturn, : . 70,000. 6. Venus. . . 7,50C. 

3. Neptune, . 37,000. 7. Mars, . . 4,300. 

4. Uranus, . . 33,000. 8. Mercuiy, . 3,000. 

a. Mstforand Terrestrial Planats.— The first four of these planets, 
it will be seen, are very much larger than the remaining four, and are, 
for tills reason, sometimes called the Major Planets; while the others, 
being in the vicinity of the earth, are sometimes called the Terrestrial 
Planets. 

b* lUustration.— A clear idea of the comparative size of the sun 
and planets may be obtained by conceiving the sun to be a globe 
two feet in diameter. Mercury and Mars would then be of the size of 
repper-coms ; the earth and Venus, of the size of peas ; Jupiter and 
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QuRsnoNfi.— r. What is meant by the maM of a body? Its density t rl. On irhat 
does mass depend ? 25. State the diameter of each planet. Name th<> planets In the 
order of sir^. a. Which are called major pUnets? Terrestrial planets^ 6. GIts aa 
iUnstration of the oomparatiTe size of the snn and planets. 
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Saturn, as large as oranges ; and Neptune and Uranus, as large as full 
sized plums. [See figure, page 19.] 

-2G. The Minor Planets, or Asteroids, are all of very 
•mail size, the diameter of the largest not exceeding 300 
miles, and that of the smallest being only a very few miles. 

lu Entire Mass of the Minor Planets. — It has been computed by 

I the celebrated French mathematician, Le Verrier, that their entire 

\ mast, however many may exist, can not exceed one-fourth that of the 

•^ earth. This calculation is based on the amount of disturbance occa- 

» §ion«d by their united attraction, in the motions of the Earth and 

^ Mars. Now, the diameter of the largest being only about A of the 

diameter of the earth, its volume must be only y^iffTJ o^ tbe earth's ; 

^ And hence, it would require 4,750 planets as large as the largest of the 

* asteroids to equal the amount specified by the mathematician. 

, * ^ 27. All the Satellites are smaller than Mars, and with 
• the exception of two, one of Jupitei^'s and one of Saturn's, 
are smaller than Mercury. 

«• The diameter of the moon is 2,160 miles ; the four satellites of 
Jupiter, excepting one, are larger than the moon ; and the eight satel- 
lites of Saturn, excepting one, are smaller than the. moon. 

/ 28. Thfe following presents a comparative view of the 

densities of the primary planets, as compared with that of 
water : 

1. Mercury, . . 6J. 6, Jupiter, . . 1|. 

2. Venus, . . 51. 6. Uranus, . . 1. 

3. Earth, . . . Sf. 7. Neptune, . /g. 

4. Mars, ... 4. 8. Saturn, . . |. 

a. It will be seen that the terrestrial planets are all of considerably 
irreater density than the major planets ; and that the densities dimin- 
ish, with the exception of Saturn, as the distance of the sim increases. 

QuEBTiowB.~26. What is the slae of- the minor planets? a. Their entire mass? 
?T. What is the comparative size of the satellites ? a. What, compared with the moon ? 
2a What is ^Jie di^nsity of each of the primary planets ? a . Density of the terrcstriaJ 
planets compared \tith that of the miO^^r planets ? 
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— — 29. The density of the sun is only one-fourth that of the 
earth, or about 1^ that of water. The density of the moon 
is about 3^ that of water. 

a. Masses of the Planets. — If we arrange the planets according to 
their mass, they will stand in precisely the same order as when 
arranged according to volume, though not in the same proportion. 
The student can verify this by applying tbe principle explained in 
Art. 24, d» The following table presents a general view of the com- 
parative masses of the sun and planets, expressed in approximate niun- 
bers, the earth being 1 :— 



r Jupiter, . 
Major l Saturn, . 
Planets. 1 Neptune, 
Uranus, . 



Sun, . 
. 801. 
. 90. 
. 16f 
. 12f 
Moon, , 



. 315,000. 

TERRBSTRIAIi 

Planets. 



r Earth, . 
J Venus, . 
j Mars, 
^ Mercury, 



1. 

I. 
A. 



h. The order of discovery does not agree with the arrangement em- 
ployed here. Astronomers first determine the masses of the planets, and 
.iscertain the densities by a comparison uf the masses with the volnmes. 

Questions. — 29. Wbttis the density of the lun and moon? n. Comparntiro 
matses oi the planets ? b. Ho%v d(>tornniined ? 



CHAPTER IV. 
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TfeE ORBITAL REVOLUTIONS OF THE PLANETS. 



30. A planef 8 revolution in its orbit is sustained by the 
united action of two forces; namely, the Centripetal^ and 
the Centrifugal \ forces. 

a. IiawB of Motion. — No portion of matter can set itself in motion ; 
nor, when in motion, can it stop itself. Whatever sets a body in mo- 
tion, or stops it when in motion, is called Force. 

h. A body when acted upon by a single force, moves in a straight 
line ; and will continue to move in the same direction, and with the 
same velocity, until acted upon by some other force. 

Fig. 2a 




♦ From the liatln words cmtnm.^ meaning the centre^ and peto, meaning 

tomek. 
t From the Latin words centrum, and fugw, meaning to flee from. 



QuwrioNB.— 80. What forces sufltain the planets In their orbits? a. What is force 
1^. What is the eflfect of a single forc« ? 
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e. A force may be either impuUive, that is, acting onoe and tlion 
ceasing to act, or eontintunUy that is, acting constantly. 

tl. Resultant Motion.— When a- body is impeUed by two forces in 
difierent, bat not opposite, directions, it moves in a straight line Ix*- 
tween them. Tliis line is the diagonal of a parallelogram of which the 
lines that represent the two forces are ac|iiicent sides. 

Thus, let A B (Fig. 20.) represent the line over wbich the body A would 
pass in a certain time under the influence of one force, and A C, the line 
over which it would pass in the same time, if acted upon by another force ; 
tiien under the simultaneous action of both fbrccs, it will pass over tlie line 
A D in the same tunc, and continue to move in tbis line until acted upon by 
some third ibrc^ This line is called the resultant of the two forces. 

e« Curvilinear Motion.— If one of the two forces were a continuous 
force, the body would be drawn, at every point, from the straight line, 
and, consequently, would move in a curve line ; and these two forces 
might be so related to each other that the body would move around 
the centre of the continuous force in a circle or ellipse. In that case, 
the continuous force would be the Cenfyripetal Force, and the impulsive 
force, the Centrifugal, 

31. Tlie Centripetal FoisoE is that by which a bcdy 
tends to approach the centre, or point around which it is 
revolving. 

32. The Centrifugal Force is that by which a body 
tends to fly off from the orbit in which it 4s revolving. 

33. The centripetal force which acts upon the primary 
planets is the attraction of the sun ; that which acts upon 
the secondary planets is the attraction exerted by their 
respective primaries. 

34. All bodies attract each other in direct proportion to the 
mass, or quantity of matter, and inversely as the square of 
the distance. That is, a body containing twice the quantity 
of matter of another body exerts twice the force • but, at 
twice the distance, would exert only one-fourth the force. 



QacsTioxs. — r. What different kinds of forces r d. What is the eliiect of two forces i 
Explain from the diagram. R&raltantK e. Currilinear motioti— bow produced ? 31. De- 
fine the centripetal force. H^ The centrifugal force, do. What force acts on the 
planets as a centripetal force ? 34. State the general law of attraction. 
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a. Newton's Discovery.— This Is the oelebmted kno of unieeria^ 
gravitation discovered by Sir Isaac Newton, in 1665. It is said to have 

. been suggested to his mind by the simple occurrence of an apple's 
falling from a tree. Observing that all bodies, when unsupported, taXL 
toward the centre of the earth, he inferred that this must be occa* 
sioned by an attractive force exerted by the earth ; and from this, his 
mind was led to inquire whether it is not the same force, that is, a 
force acting according to the same law, which confines the moon in 
her orbit around the earth, and the earth and planets in their orbits 
around the sun. The calculations which he made proved that these 
conjectures were correct, and thus established the law. 

b. Oentriliigal Force. — The centrifugal force must arise from an 
impulse originally given to the planets when they commenced their 
motions; since, without such an impulse, they would have simply 
moved toward the sun and have been incorporated with it And if the 
centrifugal force were now destroyed, the planets would all move in 
straight lines to the sun ; while, if the attraction of the sun were sus- 
pended, they would move off into space in tangent lines to their orbits. 

Let A B (Fig. 20) represent the amount of the centripetal, and A C that 
of tUe centrifugal force, for a given time; then completing the parallelo- 
gram, and drawing the diagonal A D, we find the point i/vhich the body 
when acted on by both forces will reach in that time. E, F, and G may be 
shown in a similar way to be the points reached by the body at the end of 
successive periods of time of an equal length ; and thus, if the forces acted 
by impulses, the body would describe the broken line formed by, the diag- 
onals of the parallelograms ; but as the force of gravitation Ir a continuous 
, force, the revolving body describes a curve, which may either be a circle or 
ah ellipse. 

^35. The planets' orbits are ellipses, having the sun or cen- 
tral body in one of the foci. 

a, Kepler's Laws. — This is the first of the three celebrated trutha 
pertaining to the planetary motions, discovered by Kepler after many 
years of investigation, and announced by him in 1618 ; hence, called 
" Kepler's Laws." Previous to this time, the general belief among 
astronomers had been that the planets' orbits are circular in form, since 

Questions. — «. By whom discovered, and how? b. Origin of the centrifugal force t 
Explain from diagram. 36. What is the shape of the planeta* orbits ? a. By whom 
discovered ? Previous belief. 
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aniBy oonceivdd the circle to be the most perfect and beautifTil of oarvM ; 
but, according to this theory, they had found \*cry great difficulty in 
ftccounting for the irregularities in the apparent motions of the planets. 
b. The Epicycle.* — This was, however, partially accomplished 
by ingeniously supposing that the planet, instead of revolving in a 
simple orbit, revolved in a small circle, called an epicycle, the centre 
of whxh moved aromid in a circular orbit. This hypothesis was in- 
vented, it is supposed, about two centuries B. C. and was adoiTted by 
Ptolemy and all the great astronomers, including Copernicus himself, 
who could not account for the apparent irregularities in the motions 
of Mars, wliica has a very eccentric orbit, on any other hypothesis. 
The explanation by the epicycle is illustrated by the annexed diagram. 



The small circle represents 
the epicycle, the centre of which 
moves in the large circle around 
the sun, S. At A the planet is 
nearest to the sun ; but while it 
performs one-quarter of a revo- 
lution in the epicycle, the latter 
also moves over one-qnartcr of 
its orbit, and thus the planet is 
earned to B, and in a similar 
manner to C, its furthest point 
from the sun, and thence through 
D to A again. The difierencc 
between its greatest distance 
from the sun C S, and its least 
distance A S, is equal to the di- 
ameter of the epicycle. 



Pig. 21. 




FJMt YCLF- 



c, Tycho Brahe. — Such ingenious but cumbrous hypothc^ses could 
only be sustained by the most imperfect observations made with the 
rudest instruments ; but when astronomy, as an art of observation, 
came to be cultivated, they were necessarily exploded. Tycho Brahe 
is justly to be considered the founder of modem practical astronomy. 
He was born in 1546, in Sweden, and so great a reputation did he 



* From the Greeli words cpt, nieanint^ upon\ and aycley a circle ; that is, a 
circle upon a circle. 



Qttestioxb. — h. What is the hypothesis of the epicycle? Explain by the diagram- 
'. Tycho Brahe ? Value of his labors, and use made of them by Ki>plcr f 
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aoqnire, that Ferdinand, king of Denmark, built for him, on an island 
at the mouth of the Baltic, a magnificent observatory, which he styled 
" Uraniberg, or the City of the Heavens." His accurate observations 
of the planets were the means of conducting Kepler to the discovery 
of his famous laws. No less than nineteen different h3rpothese8 were 
made by Kepler, before he could bring his mind to abandon the theory 
of the circular motion of the planets, and then he assumed the ellipse, 
as being the next most beautiful curve. The adoption of this hypo- 
thesis at once reconciled the computed with the obmroed place of Mars ; 
and, on applying it to the other planets, he found still more convincing 
proof of its truth. 

_^^^M. The stmiglit line that joins the sun or central body 
with the planet at aijy point of its orbit, is called the Badius- 
Vector * 

37. The point of a planet's orbit nearest to the sun is 
called its Perihelion ; f the point farthest from the snn, its 
Aphelion.J 

«• Apsides.— The aphelion and perihelicn are. of course, the ex- 
tremities of the major axis. These two points are sometimes called tlie 
Ap9ide8f% and the line that joins them, the Line of Apsides, • 

b» One-half of the sum of the aphelion and perihelion distances of a 
planet is, of course, the mean distance. This is always equal to the 
distance of a planet from the sun when it is at either extremity of its 
minor axis. [See Introduction, Art 39, b.] 



X 



/. 38. The radius-vector of a planet's orbit passes over equal 
^^aces in equal timea. This is the second of Kepler's laws. 

If S (Fig. 23) represent the sun in the focus of a planet's elliptical orbit, A 
will be the aphelion, P the perihelion, and A S, B S, C S, etc., the radius- 



* Vector, in the Latin, means that ichich carries. The radius-vector io con 
celved to carry the planet as it moves around in its orbit, 
t From the Greek peri^ meaning around or near ; and hdios^ the sun. 
X From apo, meaning/rom, and Jidios. Apo in combination becomes aph, 
§ Apfds^ plural apsides^ is from the Greek, and means &joimnff. 



Questions.— -36. Define radiua-vector. 8T. Define perihelion and aphelion. », Ap- 
sides and apsis line, b. What is mean distance? 38. What is Kep1cr*s second law.' 
Explain from the diagram. 
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KLLimCAL OBBIT. 



Tcctir in different positions of tlie plun- Fi«. 22. 

et. The planet moves in its orbit su 

that the spaces A S B, B B C, etc., may 

be equal, if described in equal times. 

It has therefore to move much faster 

in the perihelion than in the aphelion, 

since at the former point the spaces p | 

roust be wider in order to make up 

for their diminished length. 

^.-nrTbrbital Velocity,— The ve- 
locity of a planet must thei^fore be 
variable when it moves in an ellip- 
tical orbit, being greatest at the 
perihelion, least at the aphelion, and alternately increanng and dimin* 
ishing between these points. 

.&• The second law of Kepler is equally true for every Idnd of orbit, 
including circular orbits ; but in the latter, the radius of the circle 
would be the radius-vector, and not only would the spaces described 
be equal, T>at also the different portions of the orbit, and consequently, 
the velocity would be uniform. The orbits of the satellites of Jupiter 
and Uranus are almost, if not exactly, circular. 

^ 39. The squares of the periodic times of the planets are in 
proportion to the cubes of their mean distances from the 
jran, or central body. 

-a* That is to say, if we square the times which any two planets 

require to complete a revolution tfround the sun, and then cube their 
mean distances, the ratio of the squares wiU be equal to that of the 
cubes. This law applies to the secondary as well as the primary 
planets. 

b» History.— This is the third and most celebrated of Kepler's laws. 

It establishes a most beautiful harmony in the Solar System. In his 
work on ** Harmonics," Kepler first made it known, with a perfect 
burst of philosophic rapture. " What I prophesied, twenty-two years 
ago,— that for which I have devoted the best part of my life to astro- 
nomical contemplations,— at length I have brought to light, and have 



Qtrwnosia— <t. Velocity of a planet— when variable ? 5. When nnifonn ? 89. Re- 
Utioii of periodic times to distaneet ? a. Is it true of the sateUites 7 b, Hiitory of itf 
diwoverjr ? ( Repeat the tbrtt Uwi of Kepler.) 
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recognized its truth beyond my most sanguine expectations. It i|^w 
eighteen months since I got the first glimpse of Hght, three months 
since the dawn ; very few days since the unveiled sun, most admirable 
to gaze on, burst out upon me. Nothing holds me ; I will indulge 
in my sacred fiiry. If you forgive me, I rejoice ; if you are angry, I 
can bear it. The die is cast, the book is written,--to be read either now 
or by posterity, I care not which : it may well wait a century for a 
reader, as God has loaited six thousand years for an interpreter of his 
works." 

Sir John Herschel remarks of this law, " Of all the laws to which 
induction from pure observation has ever conducted man, this thiid 
law of Kepler may justly be regarded as the most remarkable, and the 
most pregnant with important consequences." 

c. Demonstration of Kepler's. Laws — ^These laws were deduced 
'"by Kepler, as ioatters of fact, from the recorded observations of him> 

self and others ; but he fiiiled to show the principle on which they are- 
founded, and by which they are connected with each other. This was 
reserved for Newton, who, l|^y the discovery and application of the law 
of gravitation, confirmed the truth of these laws by exact mathematical 
reasoning and calculation. 

d. Kepler's Third Law not quite true.~The third law is, how- 
ever, absolutely correct only when we consider the planets as mathe- 
matical points, without mass. Owing to the immense mass of the 
sun, this is relatively so nearly the fact, that the vailation from the 
truth is very slight. 

40. The eccentricity of the large planets' orbits is very 
smaiU, that of Mercury being the greatest, and Venus the 
least. The orbifs of the Minor Planets are generally remark- 
able for their great eccentricity. 

a» Comparative Sccentricities. — ^The eccentr'dty of a planet's 
orbit is measured by comparing it with one-half of the major axis. 
The following is an approximate statement of the eccentricities of the 
large planets : — Mercury, i ; Mars, -^ ; Saturn, -^ ; Jupiter, ^f ; Ura^ 
nus, iV ; Earth, -^ ; Neptune. r+T ; Venus, yiy. The greatest of any 
of the minor planets is a little over ^. 



Questions.— «. By whom was their truth mathematioally proved ? rf. What modl- 
leation of Kepler's third law is required ? 40. What is the amount of cccentrieity oi 
the planets* orbits?, a. State their comparative eccentricities. 
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Th«. annexed diagram will aid in giv- Fiff. Sa 

ing tlie student a correct Idea of the _ 

figure of the planets' orbits. This dia- 
gram represents an ellipse, the eccentri- 
city of Which is i, or much greater tlian 
that of the most eccentric of the minor 
planets. It will be apparent, therefore, 
that the actual figure of the planets' or- 
bits is but slightly different from tliat of a 
circle. If drawn on paper, the eye could 
not detect the difference. 

— 41. The Meak Place of a 

planet is that in which it would 

be if it moved in a circle, and of 

course, with uniform velocity ; the true place is that in 
. which it is actually situated at any particular time. 
. — 42. The angular distance of the true place from the mean 

place^ measured from the sun as a centre, is called the Equa- 

Hon of the Centre, 

Fig. 24. 




KLLIP8E— KCCEN'TBICITT, |. 




VBAir ANn tbut: places of a planst. 
In the aboT^^Ui^gram, the ellipse represents the actual orbit of the planet, 



<}TJwnoss.— 41. What is mean plaee? True place? 42. Equation of the centre! 
BzplaSntrofm the diagram. 



/ % 
/ ) 



-^ 
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and the dotted circle the corresponding circular orbit. The points mailed 
T represent the true places, and those marked M, the mean places of the 
planet. As the radius-vector passes over greater portions of the orbit in 
the perihelion than in the aphelion, the fi|pn place is before or east of the 
true place, as the body moves from apheU<^ to perihelion, and behind or 
west of it in the other half of its revolution. The angle contained between 
the radius-vector and the radius of the circle is the equation of the centre. 

43. The planets do not all revolve around the sun in the 
same plane, but in planes slightly inclined to each other. 
The angle which the plane of a planefs orbit makes with 
that of the earth's orbit is called the Inclination of its 
Orbit. 
- ■ 44. Of all the primary planets, Mercury has the greatest 
inclination of orbit (7°), and Uranus the least (46'). The 
Minor Planets are remarkable for a much greater inclination 
of their orbits than that of the other planets. . 

a* Since the planets' orbits are all inclined to that of the earth, eajeh 
one must cross the plane of it in two points. These two points are 
called the Nodes \ one the ascend!^ node, and the other the descend 
ing noda 



INCLINATION Or OKBITS. 



T^ 



Fig. 25 represents an oblique view of the orbits of the earth and Venus. - 
E is the ascending, and F, the descending node. E F the line of node^ 
and A 8 G the angle of inclination of the orbit. 



Qini9TiONs..-43. What is meant by tneUno^tfofK^f orbie f 44. Which planet has tiM 
greatest ? Which has the least ? Orbits of the Minor Planeta— why remarkable ? 
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_ 45. The KoDES* of a planefs orbit are the two opposite 
points at which it crosses the plane of the earth's orbit 
.- 46. The AscENDii^G Node is that at which the planet 
crosses from south to north ; the Desg^kdinq Node, that 
at which it crosses from north to south. The straight line 
which joins these points is called the Line of Nodes. 
fi is the sign of the asceDding^ node ; , of the descending node. 
Fig. 26. 




xifouMATioN or riAinm* okbits. 

Fig. 26 represents the position of the pUme of each orbit in relation to 
that of the earth. The small amount of deviation from one uniform plane 
will be at once api)arent. These planets, however, on account of their vast 
distance firom the sun, depart very far ft*om the plane of the earth^s orbit. 
Thus, Mars, although havhig only 2® of inclination, may be nearly 5 mU- 
lions of miles from this plane ; and Neptune, about 85 millions. 



* From the Latin word nodw^ meaning a knot. 



QunnoKS.— 46. What are nodes? 46. Whatlji the aecaQding node? Descending 
node ? line ef nodes 7 






CHAPTER V. 

DISTANCES, PEBIODIC TIMES, AND ROTATIONS OF THE 
PLANETS. 

^- 47. The distances of the planets from the sun are so great 
that they can only be expressed in millions of miles. 

^^^ u. Idea of a Million. — A million is so vast a number that we can 
. form no true conception of it without dividing it into portions. To 
count a million, at the rate of 5 per second, would require about 2^ 
days, counting without intermission, night and day. A railroad car, 
traveling at the rate of 80 miles per hour, night and day, would require 
nearly four years to pass over a million of miles. In stating the dis- 
tances of the planets, the rate of the eoBpress train may be employed as 
a standard o^ comparison, so that the pupil may obtain something 
more than merely a knowledge of figures in learning these almost 
inconceivable distancea 

. 48. The following are the mean distances of the planets 
from the sun, expressed in approximate round numbers : — 



Mercury, . 35 millions. 


Jupiter, . 476 millions. 


Venus, . 66 « 


Saturn, . 872 « 


Earth,. . 91J " 


Uranus, . 1,754 « 


Mars, . . 139 " 


-f- Neptune, 2,746 " 


Minor. Pknets, . 


. 260 millions (average). 



a. niuatration.— Multiply each of these numbers expressing mh. 
lions by four; and we shall find the time which an expresS train start- 
ing firom the sun would require to reach each of the planets. In the 
case of the nearest planet, this period would be 140 years, and of the 
most remote, almost 11,000 years. A cannon ball moving at the rate 
of 500 miles an hour, would not reach Neptune in less than 626 years. 

QuxsTiONB - 47. Distances of planets — how expressed ? a. Idea of a million ? 48. State 
tbe mean distances of the primary planets from the sun. a. What illustration is given? 
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b. Body's I<aw.— A oompaiiflon of the distanoeB given above will 
show a very curious numerical relation existing among them, each 
distance being nearly double that next inferior to it. A more exact 
statement of this numerical relation was published in 1772 by Profes- 
sor Bod6, of Berlin, although not discovered by him : it has usually 
been designated " Body's Law." Take the numbers 

0, 3, 6, 12, 24, 48, 96. 192. 884; 
each of which, excepting the second, is double the next preceding ; 
add to e^h 4, and we obtain 

4, 7, 10, 16, 28, 62, 100, 196, 888; 
which numbers very nearly represent the relative proportion of the 
planets' distances, including the average distance of the Minor Planets. 
In the case of Neptune, the law very decidedly fsdls, and, conse- 
quently, has ceased to have the importance attributed to it previous 
to the discovery of this planet in 1846. 

PERIODIC TIMES OP THE PLANETS. 

' 49. The following are the periods of time occupied by the 
planets respectively in completing one revoliition around 
the sun : — 
■^ Mercury, - 88 days. Jupiter, . 12 yrs. (nearly.) 

Venus, . 22^ " Saturn, . 29A " 

+Earth, . . 365^ " Uranus, . «4 " 

Mars, . . 1 yr. 322 days. -VNeptune, 165 " 

Thus the year of Neptune is about 700 times as long as that of 
Mercury. 

50. Of all the primary planets, Mercury moves in its orbil 
with the greatest velocity, and Neptune with the least; the 
velocities of the planets diminishing as their distances from 
the sun increase. 

a. This is in accordance with Kepler's third law ; since the ratio of 
the periodic times increases faster than that of the distances ; the square 

QXJE8TI0N1.— fc. What is Bod6*s law? 49. State the periodic times of the primary 
planets. 60. Which planet moves with the greatest velocity? Which' the least? 
a. Why is this? 
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of the fonner being equal to the cube of the latter. Thus, if the diB 
tance of one planet is four times as great as that of another, the 
periodic time will not be eimplyfour times as long, but eigM times as 
long ; that is, the square root of the cube. (|/4' = |/64 = 8). Hence, 
as the planet has a longer time in proportion to the distance traveled, 
its Telocity mnst be diminished. 

b. Comparative Velocities. — The following table exhibits the mean 
hourly motion of the primary planets in their orbits : — 

Mercury, . . 104,000 miles. Jupiter, . . 28,700 miles. 

Venus, . . 77,000 " Saturn, . . 21,000 " 

Earth, . . . 65,500 " Uranus, . . 15,000 " 

Mars, . . . 53,000 " Neptune, . . 12,000 " 

c. Illustration. — ^Vhat an amazing subject for contemplation does 
this table present ! For example, the weight of the earth in tons is 
computed to be about 6,000,000,000,000,000,000,000 ; that is to say, cox 
thousand million million times a million, or 6,000 X 1,000,000 X 1,000,- 
000X1,000,000. Yet this body so inconceivably vast is rushing 
through the abyss of space with a velocity of 1,000 miles per minute, 
OT about 15 miles during every pulsation of the heart. But the earth 
in comparison with the body around which it is revolving is as a singU 
grain of wheat compared ynthfour Jmshds. 

d. To find the Hourly Motion. — This can be done by the applica- 
tion of very ample principles. The orbits being nearly circles, twice 
the mean cUstance will give us the diameter, and 3^ times the diameter 
wiU give the circumference, or whole distance traveled in the periodic 
time. Then finding the number of hours in this time, and dividing the 
whole distance by this number, we obtain the hourly motion. Thus, 
Mercury's mean distance is 85 million miles ; then 35 x 2 X 3^ =* 220 
milUons, the whole distance traveled in 88 days, or 88 x 24 = 2112 hours ; 
and 220 milUoh -5- 21f2 = 104,166 miles. 

/ ^ AXIAL ROTATIONS OF THE PLANETS. 

*/ d1. Besides revolving around the sun, the planets revolve 
upon their axes* in the same direction as they revolve in 
their orbits ; that is, from west to east (See Art. 18, a.) 
This is called their Diurnal Kotation. 

QUBSTIONS.— 6. state the comparative velocities of the planets c. niustrationf 
rf. How is the hourly motion ii the orbit found? 51. What is meant byda'ttrnol 
riftaUcnt 
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^ 52. The Axis of a planet is the imaginary straight line 
passing through its centre, on which we conceive it 'to 
rotate. 

- 53. A planet must rotate with its axis either perpen- 
dicolar or oblique to the plane of its orbit Thei axes of the 
planets are all considerably oblique, excepting that of Jnpi- 
ter, which is onty 3* from the perpendicular ; that of Venus 
is supposed to be 76**. 

^ 54. The angle which the axis of a planet makes with a 
perpendicular to its orbit, is called its Inclikatiok of Axis. 

Pi«. 87. 






nrouHATiosr or tvrmm, SAsni, Atm Tunm. 

a. The Indination of the axis of each planet, ai far aa it has been 
disooveTed, is as follows : — 

Mercoiy, . . (unknown.) Japiter, . . 99,^ 

Venus, . . 76®. (?), Saturn, . . 86}®. 

Earth, . . . 23^®. Uranus, . . (unknown.) 

Mars, . . . 28f ®. Neptune, . . 

b* Bow to Discover the Rotation. — The nsual method of dis- 
covering the rotation of a planet is to examine the disc with a powerful 
telescope, so as to find, if poesihle, any spots npon it, and then to detect 
any regular movement of such spots across the disc Let the pnpil 
stand a short distance from a terrestrial glohe, and let it he caused to 
revolve, and he will observe the marks npon it move across, and alter- 

QuwnoHB.— ^. What is fhe axis of a planet? 68. Are the axes perpendicular, or 
oblique? 64. What la inclination of axis? a. State the axial inclination of each 
planet b. How li the axial rotation of a planet diflcoyered ? 
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natelj disappear and re^ippeac The same thing must, of coarse, oecor 
in our observation of the planets, if thej have a diurnal motion, 

^^ 55. The times of rotation of the planets respecti^j are 
• as follows: 



^Mercury, . 


. 24 hoars. 


Jupiter, . 


. 10 hours. 


. Venus, 


. 231 " 


Saturn, . 


. 10»r " 


"S Earth,. . 


. 24 « 


Uranus, . 


. 9^ « (?) 


Mars, . . 


. 24^ *^ 


Neptune, 


. (unknown. 



a. It will he observed that the terrestrial planets all perform their 
rotations in aboat 24 hours ; but that the major planets require less 
than one-half that time. 

&• Sun's Rotation. — The sun also rotates upon an axis, but requires 
about 606 hours, or 25^ days to complete one rotation. The inclina- 
tion of its axis is about 7|® 

QuunoMB.— 65. State the time of the rotation of each planet, a. What distinction, 
in this respect, between major and ^ttrrestrial planets? flw Does the sun rotate? la 
what time? 



CHAPTER VI. 



ASPECTS OF THE PLANETS. 



'56. The Aspects of the planets are their apparent posi- 
tions with respect to the sun or to each other. The principal 
aspects, that is, those most frequently referred to, ai-e Con- 
junction^ Quadrature, and Opposition. 

67, A planet is said to be in Conjunction with the sun 
when it is m the same part of the heavens. 

That is, if the snn is in 
the east, the planet must also 
he in the east, hoth being 
seen, if viable, precisely in ,-'' 

the same direction. It is evi- / „ j- — , 

dent that in the case of the / ,.''' J ^^n^ \ 

inferior planets, this may oc- 
cur in two ways; namely, 
'when the planet is at that 
point of its orbit which is 
nearest to the earth or at the 
point most remote ; or, in 
other words, when the earth 
and planet are both on the 
same side of the sun, or on 
opposite sides. Of course a 
superior planet, to be in con- 
. junction, must be on the oppo- aspbotb. 

site side of the sun from the earth. 

58. Conjunction may be Inferior or Superior. Inferior 



Fig. 28. 

SUPS«IOB OONJUNCriOll 
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SUPERIOR 



INF^RiOR 
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: — -a- — 

OPPOBITIOK 



Qunnoiis.— S6. What is meant by a»pet*« of tbe planets? 6T. Wbcn is a planet 
incoii]nncUon; 58. OfliowmanyldDds? What is inferior conjunction? Superior? 
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conjunction is tEat in which the planet is between the earth 
and the sun; superior conjunction is that in which the 
planet is on the opposite side of the sun firom the eal^^ 

69. A planet is said to be in Opposition with the sun 
yhen it is in the opposite part of the heavens. 

a* That is, while the Bun is in the east, the planet, if in opposition, 
most be in the west. If Jupiter, for example, should be rising just as 
the sun is setting, or vice verM, it would be in opposition. It is obvious 
that the superior planets only can be in opposition, and that when in 
that position, they are at the points of their orbits nearest to the earth. 

6. These difierent aq)ects obviously depend upon the angular, or 
apparent, distance of a planet from the sun. [See Introduction, Art 
18, a]. In conjunction, there is no angulat distance, unless we regard 
the difference in the planes of the orbits ; and when the planet is in» 
«V)nj unction and at either of the nodes, none whatever. In opposition, 
the angular distance is 180^. 

- 60. The angular distance of a planet from the sun is called 
its Elongation. 

- 61. A planet is said to be in Quadrature when its elon- 
gation is 90°. 

«. The position of quadrature in the heamns is half-way between con- 
j unction and opposition, the fplanet being so dtuated that the straight 
lines that connect the earth with the sun and [flanet, respectively, make 
a right angle with each other. Thus if a planet were in quadrature, 
it would be in the south, or near it, either at sunset or sunilse, acced- 
ing as it were either east or west of the sun. It will be obvious, froia 
Fig. 38, that, viewed from the earth as a centre, the position of quad 
rature in the orbit is not half-way between coigunction and opposition, 
but much nearer the latter. 

b. There are, in all, five aspects of the planetSy depending on their 
relative positions. The following are their names, the angular dis 
tances, and the characters used to denote them : 



QUESTiOMS — ISO. When is a planet in opposition f a. Which planets can be in oppo- 
sition ? h. What is the angular distance of a planet in oo^janct^on f In opposition ? 
60. What is elongation? 61. Quadrature? a. Where is quadrature relatively to con- 
junction n:id oppofdtion? h. Enumerate and define the fiye aspects, and write the sign 
of each. 
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Ccadunetion, 


. 6 0'. 


TllB^ . . . 


. A 


VW. 


Sextile. . . 


. * «0'. 


Opporitkm, . 


8 


180*. 


(ia0B,. . 


. n w. 









Vte-aa 




In the diagram, the graduated semicircle cats the sides of all the angles 
which have their vertices at E, and serves to measure the angular distance 
of each planet from the sun. V and V" represent Venus in superior and 
inferior conjunction, the elongation being, at those points, 0^ ; while at V, 
it is at its point of greatest elongation. It will be obvious from this dia- 
gram that no inferior planet can be 90^ from the sun. M represents Mars 
in opposition, and M' the same planet in quadrature. The aspect of M and 
y or V" is opposition ; of M' and V or V, quartile. 

^ 62. The time which elapses between two similar elonga- 
tions of a planet is called its Synodic* Period. 

a. Thus the interval between two successiYe eonjanctions or oppo- 
ditions is the synodic period. The 83modic period would be the true 
periodic time if the earth were at rest ; but the earth is moving in its 
orbit ill ihe same direction as the planet, with a velocity less than that 



* From the Greek words wyn^ meaning together^ and odos^ which means a 
pathway. 

QmtSTiopB.— 62. What \b the synodic period? a. Why not the tms period? Ulus- 
tnte by the diagram. How to calculate the lynodic period of the inferior planeto ? 
(Fig. 30.) Of the superior planets ? (Fig. 81.) 
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of the inferior planets and greater than that of the superior. Hence, 
the synodic period of an inferior planet must always be greater than 
the periodic time, whiie that of the superior planets is generaj^less. 



Fig. 30. 
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The diagram represents Venus at V^ 
in Inferior conjunction with the sun, the 
earth being at £^ Now conceive Venus 
to move around once, so as to return to 
V^ ; the earth will then have gone over 
about iit of her orbit, and reached £^ 
and Venus ^will not overtake her until 
she reaches E<, passing her first position, 
and hence making one revolution, and 
the part £' £' besides, while Venus 
makes tvoo revolutions, and of course a 
corresponding part of her orbit besides.^ 
This part of the orbit of each is abou^ 
^o of the whole, in the case of Venus. 
iNFBaioB PLANKT8. Jq^ gincc Vcuus complctcs a revolu- 
tion, or 860°, in 234i days, she moves 
about 1.6** per day ; while the earth m6vefl about .98° per day ; hence Venus 
gains .62* per day; but she has 360° to gain, as she lemcs V, and 860° h- 
.620 =5^ daysT The true synodic period is 684 days. Now, 684 -?-284J = 
2.6, number of revolutions of Venus during oiiQ synodic period: and^584 
+ 866i = 1.6, number of revolutions of the earth; and2.6"rev.-'2rev. =^ 

rev.= £»E«orViV«. .^/"''^ '^ 

The synodic periods of the superior plan- 
ets, are illustrated in the annexed^iagram. 
Let Ji represent Jupiter id opposition, the 
earth being at £^' A^ Jupiter's periodic 
time is about 12 years, when the earth, after ' 
pecforming a revolution, returns to E^ 
Jupiter has passed over i^ of its orbit, and 
reached J*, and the earth moving a short 
distance farther overtakes it at J'. In this 
case, the superior planet only moves over 
a fraction of its orbit, while the earth moves 
over the same fraction of its orbit, and wit 
whole revolution. We can find the synodic 
period of Jupiter from the true i)criod, in 
the following manner;— As Jupiter per- 
forms only A of a revolution while the 
earth performs a whole one, the earth gains H of a revolution, while perform- 
ing one ; but to overtake Jupiter when starting from E^ after opposition, 
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she has to gain an entire reTolntlon, and 1-4-H - \}^ Now W of 865i day» 
^399 days (neariy) ; which is the synodic period of Jupiter. 

If the periodic time of any superior pianet were exactly double that of 
the eartii. Its synodij period and periodic time would be equal This is 
nearly true of Mars ; its periodic iin» bfing 1 yr. S32 days, and its synodic 
period, 2 yrs. 50 days. 

63. "When a planet appears in the evening, just aft^r sun- 
set, it is called an Evening Star; when in the morning, just 
before sunrise, it is called a Morning Star. 

a. The inferior planets being always less than W from the sun, can 
only appear as morning or evening stars. Merewy being a small 
planet, and never having bat a small amount of elongation, is a dilB- , 
cult object to see ; Yenus^ being a large planet, and having a greater 
apparent distance from the sun, is a very brilliant and beautiful object, 
either as an evening or morning star. When the former, her elonga- 
tion must of course be east ; when the latter, west The superior 
planets are morning or evening stars at different degrees of elongation, 
since they may be visible from sunset to sunrise. 

Fig. 82. 



▼xNirn AS Mommro Aim xvnmro stab. 
In the diagram, Fig. 32, Venus is represented as a morning and evening 

QuKSfnoNS.— 63. What is meant by morning star? By erening itar? a. What is 
nid of the inferior plaaeii, hi this reipeet ? Explain fron: the diagram. 
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star. While Venus is on the sl<l« of the sun as represented at V, she nrnst 
be an evening star, since, as the earth tumst any placer at P must, as it 
turns from the sun at the time of sunset, still keep Venus in Tiew by the 
angular distance contained between the lines drawn to the place from the 
sun and Venus respectively; but when Venus is at V, tfte other side of the 
sun, the rotation of the earth would bring Venus into view at any place as 
P, before the sun. (The student should carefully notice the direction of 
the motion as indicated by the arrows.) Venus, of course, remains the 
same side of the sun during one-half of the synodic period, or 203 days. 

QUESTIONS FOB EXERCISE. 

1. When a planet is in quadrature, what is its elongation ? 

2. What la its elongatlcm when in inferior conjunction ? 
8. What ia its elongation in superior coi\junction ? 

4 How many degrees of elongation has it when in opposition ? 
5. Which ef the planets can be in inferior conjunction ? 
0. Which can be in superior ooi^unction ? 

7. Which can be in opposition ? ^ . "^ 

8. Which can be in quadrature f 

9. Can the elongation of Mercuiy.or Venus exceed 90^ t 
la Can that of Jupiter ? 

11. What is the greatest elongation oi.a superior planet? 

12. When Venus is in inferior conjunction, and Mars in opposition, 
what is their angular distance from each other ? [See Fig. 29.] 

.18. What is their angular distance wlien Venus is in inferior con- 
pinction, and Mars in superior conjunction 1 

14. How many degrees are they apart when Venus is in superior 
conjunction and Mars is in quadrature ? • 

15. When the elongation of Venus is 30% and that of Mars is 120% 
what is their angular distance ^nueach other ? 

16. If Venus is SO"" from Mars, and the latter body is in quadrature, 
wliat is the elongation of Venus t 
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CHAPTER VII. , ^ 

THE EARTH. 

64. That the earth is, in its general form, a spherical body, 
iS plainly indicated by a few simple facts : 

L IN^avigators are able to. sail entirely around it either in 
ail eastward or a westward direction ; 

2. The earth and the sky always seem to meet in a circle, 
when the view is unobstructed ; 

3. The top of a distant object ^tways appears above this 
circle, before 4he lower parts; as the sails of a ship before 
its hull ; 

Jh Thfejelevation of the spectator causes this circle to sink, 
80 as to show l^ore of the earth's surface, and equally on 
all sides; 

6. The apparent movements of the heavenly bodies 
around the earth, some in large circles, some in small circles ; 
one particular star in the heavens not appearing to have 
any motion at alL 

a. ThiB last cbcumstance is accounted for by sappoeln^ that the 
earth's axis points to this star? Hence it is called the Ncyrth, or Pole Star. 

6. The &nt practical proo^ that the earth is spherical was afforded 
by the voyage of Magellan, whose squadron, in 1519-22, sailed entirely 
around the earth. 

SECTION I. 

LATITUDE AND LONGITUDE. 

65. Points are located uport the surface of the earth by 
measuring their distances from certain established circles 



QxmriONS.'-M. >Vhat five circumitancei indicate that the general form of the earth 
is tpherioal ? a. What la the north itur ? 65. IIow are points located on the earth's 
surface. 
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conceived to be drawn upon it. The position of these cir- 
cles is determined by their relation to two fixed points, 
called the Poles. 

66. The poles are the two extremities of the earth's axis, 
one being called the North Pole, and the other the South 
Pole. 

a*. As the earth turns on its axis from west to east, It causes aU the 
other heavenly bodies to seem to rei;^lve around it from east to west, 
in circles contracting in size towards the fixed point of the heavens, 
called the celestial pole, near which is the pole-star. The celestial 
poles correspond to the poles of the earth, being the two points at which 
the earth's axis, if extended,* would meet the sphere of the heavens. 

67. The great circle exactly midway between the two 
poles is called the Equator. Its plane divides the earth 
into northern and southern hemispheres. 

68. The gi'eat circles that pass through the poles are 
called meridian circles j the half of a meridian circle that 

extends from pole to pole, is called a Me- 
ridian. 

a* Meridian circles must, of course, be per 
pendicular to the equator and the plane of any 
one of them would divide the earth into eastern 
and western hemispheres. A great circle that 
is perpendicular to another is sometimes' called 
a secondary to it. Thus the meridian circles 
are secondaries to the equator. 

69. The position of a place on the surface of the earth is 
indicated by its latitude and longitude. Latitude is dis- 
tance north or south from the equator ; Longitude, distance 
east or west from some established meridian, called a First, 
or Prime, Meridian. 




QrrFSTiOKB —66. What are the poles ? n. What arc tlte celestial poles? 67. What U 
the equator? 6S. What are meridian cirelos? Meridians? n. Their relation to the 
tqintor? What is a secondary? 69. What IslatltuJe? Longitude-l* 
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« 

— 70. Small circles parallel to the equa- 
tor are called Parallels of Latitude. 

.- 71. Latitude is reckoned on a meridian, 
from the equator to the poles ; longitude 
is reckoned from the prime meridian 
round to the opposite meridian. 

a. Distance from any great circle must be 
reckoned on a secondaiy to that circle. It 
will be easily perodved by the pupil that the poles have the greatest 
poesible latitude— namely, 90*" ; and that places situated under the me- 
ridian opposite the prime meridian, have the greatest longitude, or 
180'' east or west ; also, that a place situated at the intersection of the 
prime meridian with the equator can have neither longitude nor 
latitude. 

6. Difference of Time. — Difference of Longitude causes difference 
of time. Since the earth turns toward the east, any place east of 
another place, must have UUer time, because it is sooner carried, by the 
motion of the earth, under the sun ; and, as an entire rotation, or 360'', 
is performed in 24 hours, 15° of longitude must be equivalent to one 
hour of time. Thus, London is 74° east of New York ; and, conse. 
quently, when it is noon at New York, it is 5 o'clock in the afternoon 
at London, the sun having passed the meridian five hours earlier. 

c. Sifierence of Longitude may be converted into Difference 
of Time, by multiplying the degrees and minutes by 4 ; the former of 
which will then be minutes of time ; and the latter, seconds. For 
since ,^< the number of degrees is equal to the number of hours, f jf ,or 
4 times, the degrees must be equal to the minutes ; and, for the same 
reason, 4 times the minutes of space must be equal to seconds of 
time. '^ 

d. To convert Difference of Time into Difference of Longitude, 
reduce the hours to minutes, and divide by 4 For since 15 times the 
hours are equal to the degrees, ^j of 15, or i, the minutes must be 
equal to the degrees. 

QiTEBTiONB.— 70. What are parallels of latitude ? Tl. How are latitude and longitude 
reckoned P <k. Where la the latitude greatest ? The longitude? What point or place 
on the earth's surface has neither latitude nor longitude? 6. How does diflference of 
longitude cause difforence of time? e. How to conyert difference of longitude into 
difference of time? d. How to conyert difference of time into difference of longitude. 



I-\T. 


LONO. 


C. Good Hope, 34' S. ; 


ISr E. 


Berlin, . . 52i° N. 


; ISr E. 


Madras, . . IS** N. 


;80' E. 
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» 

PROBLEMS FOR THE GLOBE. 

Problem L — To find the latitude and longittide of a 
place: Bring the given place to the graduated side of the 
brass meridian [the circle of brass that encompasses the 
globe], which is numbered from the equator to the poles : 
and the degree of the meridian, over the place will be thi* 
latitude ; and the degree of the equator, under the meridian, 
east or wfest of the prime meridian, will be the longitude. 

- Verify the faUomng by the globe : 

LAT. LONG. 

London,. . . 51^ N.; 0°. 

Paris, ... 49'' N. ; 2^ E. 

Washington, . 39' N. ; 77" W. 

CiNCriiNATi, . 39' N. ; 64^ W. | Santiago, . . 82^ S. ; 70r W 

Problem IL — Tlie latitude and longitude of a place 
being given, to find the place : Find the degree of longitude 
on the equator, bring it to the brass meridian, and under 
the given degree of latitude, on the meridian, will be the 
place required. 

EXAMPLES. 

1. What place is in lat. 30" N., and long. 90' W. ? Ans. New Orleans 

2. What place " " 42^ N., " 71° W.? ^n«. Boston. 

a. What place " " 40^ N., " 74** W.t Am. New York. 

Problem IIL — To find the difference of latitude or Ion 
gitude between any two places : Find the latitude or longitude 
of both places ; if on the same side of the equator or merid- 
ian, subtract one from the other ; if on diflferent sides, add 
them ; the result will be the answer required. 

EXAMPLES. 

Find the difference of latitude and iongitudi of 

1. London and Naples. An4. Lat. lO^*", long. 14i*. 

2. New York and San Francisco. Am, Lat. 3°, long. 58i'- 
8. Stockholm and Rio Janeiro. Am. Lat. 82% long. 61% 
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Problem IV. — To find all the places thai have the same 
latitude as any given place : Bring the given place to the 
brass meridian, and observe its latitude; turn the globe 
round, and aU places that pass under the same degree of the 
meridian will be those required. 

EXAMPLES. 

What places Tiaxe the mme, or nearly the same, latitude as 

1. Madrid? Arts. Minorca, Naples, Constantinople, Kokand, Salt 

Lake City, Pittsburgh, New York. 

2. IIavana ? Ans, Muscat, Calcutta, Canton, C. St. Lucas, Mazatlan. 

Problem V, — To find the places that have the same longi- 
tude as any given place : Bring the given place to the grad- 
uated side of the bi-ass meridian, and all places under the 
meridian will be those required. 

EXAMPLE 

What places have the same, ar nearly the same, longUvde as 
LoiTDON ? Ans. Havre, Bordeaux, Valencia, Oran, Gulf of Ouinea. 

Problem VL — A time and place being given, to find 
ivhat o'cbck it is at any other place : Bring the place at which 
the time is given to the brass meridian, set the index to the 
given time, and turn the globe till the other place comes to 
the meridian, and the index will point to the time required. 

Note.— If the place be east of the given place, turn the globe westward ; 
/west, turn it eastward. 

This problem can be performed without the globe by finding the differ- 
ent of longitude, as indicated in Art. 71, e, d. 

EXAMPLES. 

1. 'Wkien it is noon at New York, what o'clock is it at London ? 

Ans. 5 o'clock lyd. (nearly). 

2. WLen it is 10 o'clock A.M. at St. Petersburg, what o'clock is it at 

the City of Mexico ? Ans. t hour 20 min. A.M. 

3. When U is 9 o'clock P.M. at Rome, what o'clock is it at San Fran- 

cisco? Ans. Noon. 
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Problem VIL — To find the distancce between any two 
places : Lay the graduated edge of the quadrant over both 
places, so^hat the division marked may be on one of them; 
and the number of degrees between them, reduced to miles, 
will be the distance required. 

Note.— If geographic miles are required, multiply the degree^ by 60; if 
statute miles, by 692. 

EXAMPLES. 
Find the distance in geographic and statute miles bettoeen 

1. North Cape and Cape Matapan. Ans. 2,100 geog. miles ; 2,418} 

statute miles. 

2. Bio Janeiro and Cape Farewell. Ans. 4,980 geog. miles ; 5,7 

statute miles. 



SECTION II. 

THE horizon. 

72. The Horizon* of a place is the circle which sepa- 
rates the visible part of the heavens from the invisible. 

a. The surface of the earth appears, to a person standing upon it, 
like a great plane, extending equally on all sides, and limited by a cir- 
cle at which the earth and sky appear to mept. As the elevation of 
the spectator increases, the greater is the extent of surface embraced 
within this circle, and the more extensive the visible heavens as com- 
pared with the invisible. On the other hand, an eye situated exactly 
on the earth's surface sees but a point of it, but still beholds^a circle 
bounding the visible heavens, the plane of which would touch the 
earth's surface at the exact point where the eye is located. This circle 
is called the Sensible or Visible Horizon; and the depression of it, due 
to the elevation of the spectator, the Dip of the Horizon. The follow- 
ing definitions may therefore be given of each : 

73. The Se]!^^sible Horizoi^ is that circle of the celestial 



* From the Greek word horizOy meaning to bound. 

QuBSTiONB— 72. What is the horizon of a place ? a. General phenomena connected 
with the horizon ? 73. W hat is the sensible horizon ? 
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sphere the plane of which touches the earth at the place of 
the s]>ectator. ' n 

a. By the Celestial Sphere is meant the concare sphere of the heavens, 
in which the heavenly bodies appear to be placed, the observer being 
at the centre within, and looking upward. 

74. The Dip of the •Horizon is the depression of the 
sensible horizon caused by the elevation of the spectator, 
and bringing a circular portion of the earth's surface into 
view. 

In the diagram, let the small circle 
whose centre is E, represent the 
earth, the portion of the large circle 
V Z V a part of the celestial sphere, 
and P the point, or place, of the spec- 
tator. Then the tangent S P S will 
represent the plane of the sensible 
horizon, and S Z S the visible heavens. 
Conceive the observer to stand above 
the sur&ce at H ; the tangents H V 
and H V^ will then, at their points of 
contact, D and B, lin^it the visible 
part of the earth^sjRirface, and at 
their cxtremittes^^and V, the visi- 
ble heavens. 8 V or S V will be, of course, the dip of the horizon. At the 
point P, the visible part of the heavens is less than the invisible ; but at so 
great an elevation as H P (represented as about 1,000 miles), the visible 
part would be much greater than the invisible, apd a large part of the 
earth's surface, denoted by the are D D, would con^ into view. The dip, 
however, at any attainable height is very small, and only an inconsiderable 
portion of the earth's surface can ever be seen. The line R R represents the 
plane of a great circle, which divides the celestial sphere into equal parts, 
])assing through the centre of the earth, and situated at a distance from 
the plane of the sensible horizon equal to the seml-diametcr of the earth, 
or^early 4,000 miles. 

75. The great, circle of the celestial sphere which is paral- 
lel to the sensible horizon, is culled the Rational Horizon. 

L O 

QvEsnoxB.— a. What is meant by the celestial ttphere t 74. "What Is the dip of the 
horizon t Explain by the diagram. 75. What is the rational horison ? 
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It divides the earth and the celestial sphere into upper and 
lower hemispheres. 

The terms upper and lower, above and belaio, and the like, are only 
applicable to the horizon. The ratipnal horizon is the real horizon : 
it is the standard circle for referring the apparent positions of all tic 
heavenly bodies. ^ 

76. The poles of the horizon are called the Zenith and 
the IN^ADiB. The zenith is the point directly overhead ; the 
nadir is the point opposite to the zenith, and directly under 
our feet. 

The one is the pole of the visible, or upper, hemisphere ; the other, 
the pole of the invisible, or lower. Each is, of coarse, 90" from the 
horizon. 

77. Great circles conceived to pass through the zenith and 
nadir are called Vertical Circles, or Verticals. 

a. Vertical circles, being perpendicular to the horizon, are secondaries 
to it. The position of a body in the celestial sphere is defined by its 
distance from the rational Iiorizon, and some selected vertical circle ; 
just as the position of a place on the earth's Buifsuce is determined by 
its latitude and longitude. The vertical selected for this purpose is 
that which the centre of the sun reaches and passes at noon. This 
circle, of course, passes through the north and south points of the 
horizon, and also through the celestial poles, its plane intersecting the 
earth so as to form a terrestrial meridian^ It is therefore called the 
Meridian of the Place. 

78. The Meridian of a Place is the vertical circle 
which passes through the north and south points of the 
horizon of that place. It divides the celestial sphere into 
eastern and western hemispheres. 

a. When a body is on the meridian, it is said to etilminate, because 
it is at that time at its greatest distance above the horizon during 
24 hours. 



QuESTiONs^^. What are the zenith and the nadir? 77. What are vertical circles?^ 
n. How is the position of a body in the celestial sphere defined ? 78. What is the ine- 
ridian of a place ? a. When is a body said to culminate ? 
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- 79. The distance of a body above the horizon is called its 
Altitude. It is reckoned on a "vertical circle, from the 
horizon to the zenith. 

At the horizon, therefore, the altitade is 0" ; at the zenith, 00 . 

— 80. The distance of a body east or west from the meridian 
is called its Azimuth. Jt is reckoned on the horizon. 

a. Prime Vertical; Amplitude.— The ahitude and azimutli of a 
body would be sufficient to define its position in the visible heavens ; 
but astronomers sometimes employ another vertical as a standard of 
reference, namely, that which passes through the east and west points 
of the horizon, cutting the meridian at right angles. This is called 
the Prime Vertical ; and the distance of a body from it, north or south, 
is call the Amplitude. These are, at 
present, but little used. By the am- 
plitude of the sun is generally meant 
the distance at which it rises from 
the east, or sets from the west point 
of the horizon. 

In the diagram, let N E S W repre- 
sent the rational horizon, the circle 
passing through N 8, the meridian, and 
that passing through £ W, the prime 
vertical ; then if A be the position of 
the sun at rising, A £ will represent its 
amplitude, and A N, its azimuth ; the 
altitude being 0*=. 




Nadir 



-- 81. The Zenith Distance of a body is its distance from 
the zenith reckoned on a vertical circle. 

The zenith distance is the complement of the altitude, that is, the 
difference between- it and 90°. 

_ 82. The circles which the heavenly bodies may be con- 
ceived to describe during their apparent daily revolution 
around the earth, are called Circles of daily Motion. 



Qmanows.— 79. What is altitude? 80. AKirauth? n. What is the prime vertical ? 
What is amplitade? 81. What is zenith distance? 82. What are circles of daily 
motion ? ..-—-' 
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Tiff. 37. 
Parallel Sphere 




»adir 



Fiff. 38. 
Kicht Snliere 



Pole 




J^adir 



Fig. 39. 



OMigue Sphere 




— a» Poflitioiui of the Sphere. — The drclei of 
daily motion are parallel, perpendicular, or ob- 
lique to the horizon, according to the place of the 
observer upon the sur&ce of the earth. When 
standing exactly at either of the poles, he would 
have the celestial pole in the zenith, and the 
drcles of daily motion would be parallel to the 
horizon ; this position is called a Parallel Sphere. 
At the equator, the celestial poled would be in the 
horizon, and the circles of daily motion perpen- 
dicular to it ; this position is called a Right 
Sphere. At any place between the equator and. 
the pole, the circles would be oblique 
to the horizon, and the pole would be 
raised to an altitude equal to the lati< 
tude of the place; this is called an 
(Mique Sphere. 
— &. In a parallel sphere, one-half of all 
the circles of daily motion are whoUy 
above the horizon, and the heavenly 
bodies do not appear to rise and set, 
but to move around in parallel ciides 
contracting in size toward the zenith ; 
in a right sphere, all the circles are 
divided equally by the'horizon, there 
being as much of each above as below it ; 
in an oblique sphere, some of the circles of 
daily motion are wholly above the horizon, 
others wholly below it, and all between 
these, divided unequally by it. All this 
will be rendered apparent by the accompa- 
nying diagrams. 

^^3. The circle of an oblique sphere 
in which the stars never set is called 
the Circle of Perpetual Appari- 



Pole 



QuRSTTOxs.— rv. What are the three positions of the sphere ? Define each, b. How 
are the circles of daily motion divided by the horizon in each ? 83. What is the circle 
of perpetual apparition ? Of perpetual occnltation ? 



PARALLAX. 



50 



Tiox ; that in which they never rise, the Circle of Per- 
petual OCCULTATIOS^. 

"^4. That part of a circle of daily motion which is above 
the horizon, and which a body describes from >its rising to 
its setting, is called the Diurnal Arc ; the part below the 
horizon is called the Nocturnal Arc. 

In the diagram of the oblique sphere (Fig. S9), H H represents the ra- 
tional horizon, Z and N the zenith and nadir, P P the poles, E E'the equa* 
tor extended to the heavens, and the dotted lines, circles of daily motion. 
Then Z E will be the same number of degrees as the latitude, E H will be 
•the altitude at which the equinoctial or equator Intersects the meridian, 
and P H will be the altitude of the celestial pole. Now E P U equal to Z H, 
each being 90«» ; hence, by subtracting Z P from each, we find £ Z s P H ; 
that is, the altitude of the pole equal to the latitvde. 



PARALLAX. 

— 85. The True Altitude of a body is the distance a( 
which it would appear to be from the horizon, if it could be 
'Viewed from^he centre of the earth. 



Fix. 40. 



In the diagram let the 
small circle represent the 
earth, haTlng its centre at £ ; 
A, B, and C, a body as seen at 
different altitudes from^the 
place, P; £ H, the plane of 
the rational horizon : P h, the 
plane of the sensible horizon, 
and E Z, the direction of the 
zsnlth. At A, the body being 
in the sensible horizon, its ap- 
parent altitude win be noth- 
fiig; but If viewed from E, It 
would appear to be above the 
horizon a distance equal to the 
angle m£ H, or its equal m A h, 

since the difference In direction between the lines £ H or P h, and £ m Is the 
difference between the apparent and true altitude. At B, there is evidently 




- h 



QunnonB.— 84. Define diurnal are^ and nocUtmal are. 
ii the tme altitude of a body ? 



Explain Fig. 39. 85. What 
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a less difference of direction between the lines P n and E o, and when the 
body is at C, the centre of the earth, the place of the observer, and the po- 
sition of the body being all on the same straight line, the tme is the same 
as the apparent altitude. It is evident that the apparent altitude is ali^ays 
less than the true altitude, except when the body is seen in the zenith p&s at 
C ; and that there is the greatest difference when the body is in the horizon, 
as at A* 

^^ 86. The difference between the true and apparent altitude 
of a heavenly body is called its Paballax. 

87. The parallax of a body is greatest when it is in the 
horizon, and diminishes towards the zenith,, where it is 
nothing. The parallax of a body when in the horizon is 
called its H^gfi^ai^M^Farallax. 

In the preceding diafl^m,^lie smgle m A h, or its equal P A E, is called 
the angle of parallax, o% n, or P l|£^ is the angle of parallax for the posi- 
tion B. The angxdar distance of the sensible and rational horizons is, of 
course, the horizontal parallax. ' , s^ . 

a* 1^ greater the distance of a body from the earthy tJie smdUer is . 
the angle ofparaUax. 

Pig. 41. Thus the horizon- 

p f^^^^B -^ ^^"^ ^^ parallax of a body 

7nn\^ at A, (Fig. 41.) is A E 

f Lrf^^^Eimr™. SL H H, or P A E ; but at 

B, it is the smaller 
angle B E H, or P B E. The horizontal parallax of any body is really the 
angle subtended by the semi-diameter of the earth at the distance of the 
body ; and, of course, the greater the distance, the smaller the angle. 

- 6. The horizontal parallax of the moon is nearly 1** ; that of the 
sun, less than 9". In a subsequent chapter, it will be shown that 
by finding the parallax of a body, we can detennine its distance frotn 
the earth. 

- '88. Since the apparent altitude of a body is less than tl^ 
true altitude by the amount of parallax, the effect of paral- 
lax is said to be to diminish the altitude. The apparent 

Questions.— S6. What is parallax f ST. Where is it greatest? What is horizontal 
pftridJftxt Explaiji Fig. 41. a. What relation between the distance of a body and its 
IMirallax? Explain by the diagram, h. What is the horizontal parallax of the moon 
and sun ? 8S. What is the effect of parallax ? 
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altitude is therefore corrected by adding the amount of 
parallax due to the particular elevation and the distance of 
the body. 

. ^- «• Other corrections would also have to be made to obtain the exact 
altitude ; namely, for the dip of the horizon caused by the elevAtion of 
the spectator, and for the effect of the atmosphere upon the direction 
of the rays of light which pass through it. The latter of these is 
called BefraeHan, 

REFRACTION. 

^ ^9. Refeaction, in astronomy, is the change of direction 

which the rays of light undergo in passing through the 
earth's atmosphere. 

^^ a. It is a general fact that the rays of light when passing obliquely , 
from one medium into another of a different density, are turned from 
their course, and made to pass more obliquely, if the medium which 
they enter is rarer, and less obliquely, if it is denser than that which 
they leave. Thus, in passing from air into water, or from water into 
glass, the direction would be less oblique ; but in passing from water 
into air, more oblique. 

Suppose nmio represent the surface of water, Fig 42 . 

and S O a ray of light, entering the water at O. 
Instead of keeping on in the direction 8 O, it is 
bent toward the perpendicular A B, and thus 
passes less obliquely. 




^^ h» Now, as the earth's atmosphere is not of 
uniform density, but grows more and more 
dense toward the surface of the earth, the 
rays of light which proceed from any body 

are constantly bent more and more toward a perpendicular direction , 
and since we see an object in tlie direction in which the ray of light 
strikes the eye, the apparent altitude of the body will be increased. 

QnESTiONB.— «. What other corrections required for true altitude? S3. ^Vhat is 
refraction? a. State the general law. Explain by the diagram, h. Why is the alti- 
tude increased by refraction ? Explain by the diagram. 
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Suppose E to represent tin 
earth, and A B C D, portion 
or strata of the atmosphere, o 
different densities, P, the placi 
of observation. Suppose a ray 
of light from the star S, strike 
the atmosphere at a; on ac- 
count of refraction, instead of 
proceeding in the direction & 
A, it describes a &, & c, and c P^ 
reaching the spectator at P, 
and in the direction of e P ; so 
that the star appears in that 
direction at S', and is thus 
elevated above its true posi- 
tion at S. As the atmosphere 
does not consist of distinct strata, as represented, but diminishes uniformly 
in density from the surface of the earth, the broken line a 6 <? P, is in real- 
ity a curve, and the line S' P, a tangent to it at the point P. 

^^ 90. The eflTect of refraction is greatest upon a body when 
it is in the horizon, and diminishes toward the zenith, where 
it is nothing. At thg horizon, it amounts to about 33 
minutes. 

a* There is no refraction at the zenith, because at that point every 
ray of light strikes the atmosphere perpendicularly, and refraction only 
takes place v^hen the direction of the rays is oblique ; at the horizon, 
they are more oblique than they can be at any point above it ; hence 
the refraction is greatest there. 

-" 91. At the horizon, the amount of refraction is somewhat 
greater than the apparent diameter of the sun or moon ; and 
hence these bodies appear to be above the horizon when 
they are actually below it. 

-^ «• The times of the rising of all the heavenly bodies are, therefore, 
accelerated, and those of their setting retarded, by refraction; each 
one appears to be above the horizon before it has actually risen, and 
is seen above the horizon after it has actually set. 

QuicBTiONS.— 90. What is the eflFect of refraction at the zenith and horizon ? Why 
91. What is the amount of refraction at the horizon? a. Effect on the rising and Mt 
ting of the heayenly bodies ? 
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b. Befiraction very rapidly diminislies from the horiaon towards the 
zenith. At the horizon its mean value is 88' ; at 10" of altitude. 6^ ; 

at 30% ly ; at 45% 57" ; at 80% 10" ; at 90% 0. 

/' 

/ 
/) 

SECTION III. ^ 

APPARENT MOTIONS OF THE SUN AND STABS. 

^ 92. The sun has two apparent motions around the earth ; 

namely, a diurnal motion from east to west, and an annual 
motion from west to east. The first is caused by the rota- 
tion of the earth on its axis, and the second, by its revolu- 
tion around, the sun. 

— a. The student should be careful to verify by his own observations 
the following statements respecting the sun's apparent motions : — 

1. Apparent Daily Motion.— The sun rises exactly at the east point 
of the horizon, and sets at the west point, twice a year ; namely, about 
the 20th of March and 23d of September ; and, on these days, it crosses 
the meridian at an altitude equal to the complement of the latitude ; 
that is, at the point where the celestial equator crosses the meridian. 

2. From March 20th to June 2l8t, the points at which the sun rises 
and sets move from the east and west- toward the north, and its merid- 
ian altitude constantly increases ; from June 2l8t till Sept. 28rd, the 
points of rising and setting move back toward the east and west, and 
the meridian altitude diminishes ; from Sept. 23rd to Dec. 22nd, the 
points of rising and setting move toward the south, and the meridian 
altitude diminishes ; from Dec. 22nd to March 20th, the points of rising 
and setting move back toward the east and west, and the meridian alti- 
tude increases. There is thus a constant movement of the points of 
rising and setting alternately from north to south, and a constant 
variation, up and down, of the point of culmination, except that the 
sun culminates at the same altitude for several days, about the 21st of 

QUESTiOKB. — b. How fast does refraction diminish from the horieon ? 92. What ap* 
parent motions has the sun ? How eansed ? a. State the daily phenomena connected 
with the apparent motions of the san. What changes in the points of rising and set- 
ting ? In the point of culmination ? Solstices and equinoxes ? 
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June and the 22nd of December. These two stationary points of cul- 
mination are called the Sol-Btices* The points at which the culmina- 
tion of the sun coincides with that of the celestial equator are called 
the Equinoxes^\ because when the sun is at either of these points, the 
days and nights are exactly equal to each other. 

3. Apparent Annual Motion. — The sun appears to move toward 
the east among the stars ; for, if on any evening at sunset, or a short 
time after, we notice the distance of the sun from any star that may be 
visible, we shall find, in a few evenings, that this distance has grown 
less ; and hence, as the stars are fixed points, that the sun has moved 
toward the east. This motion will continue from month to month 
until the sun will be in conjunction with the star ; and then for six 
months the star will be no looger visible, but at the end of that time, 
will show itself above the eastern edge of the horizon just as the sun 
sets below the western ; and at the expiration of one year from the 
first observatioD, will have returned to the same relative position with 
the sun. In this way the sun appears to move from star to star toward 
the east, completing its circuit in 365 J: days. ^ 

i 93. The great circle of the celestial sphere in which the 
sun appears to revolve around the earth every year, is called 
the Ecliptic. 

The ecliptic may also be defined as the great circle of thev'celestial 
sphere in which it is intersected by the plane of the earth's orbit. Hence 
the plane of the ecliptic is the plane of the earth's orbit. 

94. The great circle of the celestial sphere exactly over 
the equator is called the Equinoctial, or Celestial 
Equator. 

The student must conceive these circles as marked out on the sky, 
the one crossing the other. (See diagram, Fig. 44.) 

95. Since the earth's axis is inclined to the plane of its 



* From the Latin words so?, meaning the »f«n, and «to, meaning to stand. 
+ From the Latin words equtis^ meaning eqtuil^ and w/w, meaning night. The 
arrival of the sim at cither of these points produces equal days and nights. 



Questions.— State the phenomena connected with the sun's apparent annual motion. 
93. What is the ecliptic ? 94. What is the equinoctial ? 96. What is meant by the 
obliquity of the ecliptic ? Why is it 23> ° ? 
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orbity or the plane of the ecliptic^ making with it an angle 
of 66^°^ the ecliptic and equinoctial must cross each other 
at an angle of 23^''. This angle is called the Obliquity of 

THE ECLXPTIC. 

Fig. 44. 

p ote OF Eo ^ric 




'^OLE OF ECLIPTIC 

ECLIPnO AND EQUINOCTIAL. 

a. The obliquity of tlie ecliptic, and, of courgie, the inclination of tlic 
axis, are Indicated by the difference between the highest and lowest 
daily colminating points of the sun, being equal to one-half of this dif- 
ference. For when it is at the equinoctial, it must culminate where 
the equinoctial crosses the meridian, that is, at an altitude equal to the 
complement of the latitude ; and when it is north or south of the equi 



QiTEBTio^B. — a. How is the obliquity of the ecliptic indicated.^ 
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noctial, it must eahninate as far above or below the culminating point 
of the equinoctial. But this never exceeds 23^ either waj ; hence, 
the obliquity or inclination must be 23 K- ^^^ departure of the sun 
from the equinoctial, as indicated bj its daUj motion, is called its . 
DedincUum. 

5. To find the greaUtt and least meridian altitude of the mm at any 
place, the following rule may be given : Find the complement of the 
latitude, and to it add 23^° for the greatest altitude ; and from it sub- 
tract 23i° for the least. Thus for 
Pig. 46. j^g^ y^jyjj tjjQ i^t. of which is 

^ about 40^: 90^ - 40F « 49^ 

comp. oflat. Hence, 49F + 23K 
= 73°, greatest altitude ; and 49^ 
-23i° = 26°, least altitude. 

In the diagram, F P represents 
the celestial poles, E E the equl* 
noctial, Z N the zenith and nadir, 
H H the horizon, S the position of^ 
the sun when 23Jo north of the 
equinoctial, and S' its position 
when 23^o south of the equinoctial ; 
then E H will represent its alti- 
tude when at the equinoctial, £ H 
+ £ S, its greatest meridian alti- 

GBKATEST AND LEAST ALTITUDE OF THE SITN. j^^g ; and £ H - £ 8', ItS IcaSt. 

96. The two opposite points of the ecliptic, where it 
crosses the equinoctial, are called the Equinoctial Points, 
or Equinoxes. The one which the sun passes in March is 
called the Vernal Equinox ; that which it passes in Septem- 
ber, the Autumnal Equinox. 

97. The two opposite points of the ecliptic at which the 
sun is farthest from the equinoctial, are called the Solstitial 
Points, or Solsti^jes. The one north of the equinoctial is 
called the Summer Solstice ; the one south of it, the Winter 
Solstice. 




Questions. — b. How to find the greatest and least meridian altitude of the sun! 
Explain by the diagram. 96. What are the equinoxes? How distinguished ? 9T. The 
solstioes, and how distin^Ushed ? 



THE SUN JLlSiD STABS. G7 

a. The equinoxes and solstices are sometimes called the cardinal 
points of the ecliptic ; they are 90^ from each other, and, of course, 
divide the ecliptic into four equal parts. 

I 98. The Declination of a heavenly body is its distance, 
north or south, from the equinoctial. 

a. Declination corresponds to terrestrial latitude. At the equinoxes, 
the declination of the sun is 0^ ; at the solstices, it is Sd^"*, which is the 
greatest declination the sun can have. 

6. In a right sphere, the amplitude of the sun when it is rising or 
setting, is exactly equal to its declination. [Let the student verity this 
by an artificial globe.] 

--- 99. CiBCLES OF' Declination are great circles of the 
celestial sphere that pass through the poles, and are perpen- 
dicular to the equinoctial. 

a. Hour Oircles. — Circles of declination correspond to meridian 
circles on the earth. When drawn at intervals of 15% they are called 
Hour Oircles, because the heavenly Dodies, in their apparent diurnal 
revolution round the earth, pas^from one to the other every hour ; 
since 360" ■►^ 24 =15% 

b. Hour Angle. — The angle included between the hour circle pass- 
ing through a body and the meridian of the place of observation is 
called the Hour Angle of the body. 

c. Colures. — The circle of declination that passes through the equi- 
noctial points is called the Eqvin^ctial Cohere; that which passes 
through the solstitial points is called the Solstitial Colure. 

d. The position of a heavenly body in the celestial sphere is defined 
by its distance from the equinoctial (or declination), and its distance 
from the equinoctial colure, reckoifed eastward from 0° to 360°. The 
latter is called its Bight Ascension. 

^ 100. The Eight Ascension of a heavejily body is its 
distance from the equinoctial colure, reckoned on the equi- 



QlTFBTiONB.— «. What are these points sometimes called ? 98. What is declination ? 
«. Greatest declination of the sun ? h. Amplitude of the sun in a right sphere— equal 
to what? 99. What are circles of declination ? a. What ate honr circles ? h. What 
is the hour angle? e. What are colures? d. How is the position of a body in the 
cdestial sphere defined ? 100. What is right ascension ? 
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noctial from the vernal equinox eastward entirely around 
the circle, that is, from 0° to 360°. - 

cf. Right ascension is frequently expressed in boors, minutes, and 
seconds ; reckoning, of course, 15° to an hour. (See Art. 71, 6.) Thus, 
150'' 3(y 15" ^W^ S" 1' 



15" ^W^ ! 



SIGNS OF THE ECLIPTIC. 



Spring \ ZT^ 
J. i Taurus 

„ ( Cancer 

Summer \ ^ 
a- ■{ Leo 

Autumn \ ^^"^ 
Signs, j Scorpio 

{ Sagittarius 
Winter { C'^™cornus 
Signs, j AQUARIUS 
^ ( Pisces 



Vernal Equinox. 



Summer Solstice. 



101. The ecliptic is divided into twelve equal parts, called 
Signs. Each sign, therefore contains 30 degrees. 

102. The following are the names of the signs, the char- 
acters denoting them, and the day of the month on which 
the sun enters each (1867) : 

qp March 20. 

8 April 20. 

n May 21. 

25 June 21. 

il Julj 23. 

nj August 23. 

sG: September 23. Autumnal Equinox 

in October 23. 

f November 23. 

V5^ December 22. Winter Solstice. 

ox January 20. 

X February 18. 

a. The equinoctial points are, it will be observed, at the first degree 
of Aries and Libra ; and the solstitial points at the first degree of Can- 
cer and Capricorn. 

/' 103. The Zodiac is a zone of the celestial sphere, extend- 
ing to the distance of eight degrees on each" side of the 
ecliptic. 

u. The zodiac is therefore 16" wide ; and within its limits are con- 



QincBTiONS.— <i. How is right ascension frequently expressed ? 101. How is the eclip- 
tic divided? 102. Name th« signs, and the day on which the sun enters each. a. Ai 
which of the ifigna are the equinoxes and solstices t Date of each ? 103. What is the 
zodiac ? a. What is its width ? What does it contain ? 
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tained the orbits of all the planets, except some of the Minor Planets 
It also contains twelve of the great groups of stars, called the Constel- 
kUiona of the Zodiac^ which have the same names, and occupy nearly 
the same places, as the signs of the ecliptic. The names given to the 
signs are properly the names of the constellations : Aries, the ram ; 
Taurus, the btUl; Gemini, t?ie twins; Cancer, the crab ; Leo, the lion; 
Virgo, the virgin; Libra, the balance; Scorpio, the worpion; Sagit. 
tarius, the archer ; Capricomus, the goai ; Aquarius, the water-carrier ; 
Pisces, the fishes. 

h. The places of the signs nearly corresponded with those of the 
constellations in the time of Hipparchus, by whom the constellations 
of the sphere were classified and arranged. He was the first to dis- 
cover (125 B. C.) the displacement of the signs, and to explain its 
cause,— the falling back (from east to west) of the equinoxes. This 
movement of the equinoctial points is called precession. 

PRECESSION. 

,^ 104. Pbecession is a gradual falling back of the equinoc- 
tial points from east to west 

In other words, the sun, in his apparent annual revolution around 
the earth, does not cross the equinoctial always at the same points, 
but at every revolution crosses a little to the west of the points at 
which it crossed previously. The irregularity seems to exist in the 
motion- of the sun ; but, of course, it is really in the motion of the 
earth. 

105. The amount of precession annually is about 50 
seconds (50.2"); and consequently, to pass quite round the ' 
circle, the equinoxes require a period of nearly 26,000 years. 

a. For 360' X 60 x 60 = 1,296,000^' ■*- 50.2" = 25,816. 

6, In the time of Hipparchus, the vernal equinox was in the con« 
BtcUation Aries ; but it is now in Pisces, having fallen back about 28'. 
The signs and constellations corresponded about 185 B. C. 

Qi7K8Tio:r8.— ft. When did the signs of the ecliptic and the constellations of the Bodia« 
correspond ? 104. What is precession ? Explain it. 106. What is the amount annu 
aUy f «. Period required for a revolution ? fc. In what consteUation is the yemal equi 
•ox ? yniexQ was it In the time of Hipparchus ? 
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c. In maps of the heavens, and catalogues of the stars, the places oi 
stars are marked by their declinations and right ascensions ; in some, 
l^owever, thej are indicated by their latUtides and longitudes, which 
terms, when applied to celestial objects, have a different meaning from 
that which they have as applied to places on the earth's surfiEic^. 

^ / CELESTIAL LATIXyDEJ AND LONGITUDE. 

106. The LATITUDE OF A HEAVENLY BODY is its distance 
from the ecliptic, north or south. 

Celestial latitude must of course be reckoned upon a secondary to 
the ecliptic, from 0" to 90^ 

107. The LONGITUDE OF A HEAVENLY BODY is its dis- 
tance from a secondary to the ecliptic which passes through 
the vernal equinox, or first degree of Aries. It is reckoned 
from the vernal equinox eastward from 0** to 360°. 

a. Of course, neither the longitude nor right ascension of a body 
can be quite equal to 360° ; since that would bring it back to the point 
of commencement, or 0° ; it may, however, be any distance less than 
that ; as, 359° 59' 59". 

PROBLEMS FOR THE TERRESTRIAL GLOBE. 

Problem L — To find the surCs longitude for any given 
day : Look for the given day of the month on the wooden 
horizon, and the sign and degree corresponding to it, in the 
circle of signs, will be the sun's place in the ecliptic ; find 
this place on the ecliptic, and the number of degrees between 
it and the first point of Aries, counting toward the easiv 
win be the sun's longitude. 

EXAMPLES. 

1. What is the longitude of the sun June 21st ? Ans. 90*. 

2. What is it February 22d ? Am. 334^. 

3. What is it May 10th ? Ans. 50°. 



QussTiONB.— c. Places of stars— how marked on maps ? 106. What is celestial lati. 
tude? Hov reckoned? 107. What is celestial longitude? How reckoned? n, Cai 
the longitude be 360o ? 
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Problem IL — To find the right ascension of the sun: 
Bring the sun's place in the ecliptic to the edge of the brass 
meridian ; and the degree of the equinoctial over it, reck- 
oning from the first degree of Aries, toward the east, will be 
the right ascension. 

EXAMPLES. 



1. What is the right iiscension of the son October 18th ? Am. 

2. What is it May 2d ? Am. 42°. 

Problem IIL — To find the declination of the sun: Bring 
the sun's place in the ecliptic to the edge of the brass merid- 
ian; and the degree of the meridian over it, reckoning 
from the equator, will be the decUnation. The declination 
may also be found by bringing the given day of the month 
as marked on the analemma to the ifleridian. 

EXAMPLES. 

1. What is the declination of the sun June 2lBt ? Ans. 28K N. 

2. What is its decUnation Jan. 27th ? An», 18^ S. 
8. What is it April 16th ? Ana, W N. 

Problem IV. — To find what places have a vertical sun on 
any day in the year : Find the sun's decUnation, and note the 
degree on ihe brass meridian ; then turn the globe around, 
and all places that pass under that degree will be those 
required. 

EXAMPLES 

1. What places have a vertical sun March 20th ? Ans, All places 

under the Equator. 

2. To what places is the sun vertical December 22d ? Ana, To all 

places under the Tropic of Capricorn. 
8. To what places is the sun vertical May Ist ? Ana. To all in lati- 
tude le*" N. 

Problem V, — To find the meridian altitude of the sun 
for any day of the year^ at any place : Make the elevation of 
the north or south pole above the wooden horizon equal to 
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the ktitude, so that the wooden horizon may represent the 
horizon of that place ; bring the sun's place in the ecliptic 
to the brass meridian, and the number of degrees on the 
meridian from the horizon to the sun's place will be the 
meridian altitude. 

EXAMPLES. 

1. Find the sun's meridian altitude at New York, June dlst. Am. TS"". 

2. At London, Jan. 27th. Ans, 20". 

3. Rio de Janeiro, September 23d. Ans. 67". 

Problem VL — To find the amplitude of the sun at any 
plaice, and for any day in the year : Proceed as in Problem V. ; 
then bring the sun's place to the eastern or western edge of 
the horizon, and the number of degrees on the horizon from 
the east or west point will be the amplitude. 

EXAMPLES. 

1. Find the sun's amplitude at London, June 2l8t, Ana. 392" ^• 

2. At Quito, September 23d. > Ans. 0". 

3. At Philadelphia, July 16th Ans, 28" N. 

Problem VIL — To find the sun; % altitude and azimuth at 
any place, for any day in the year, and any hour of the day : 
Proceed as in Problem V. ; then set the index to twelve, and 
turn the globe eastward or westward, according as the time 
is before or after noon, until the index points to the given hour. 
Then, for at'fertical, screw the quadrant of altitude over the 
zenith, and bring its graduated edge to the sun's place in the 
ecliptic ; the number of degrees on the quadrant from the 
sun's place to the horizon will be the altitude, and the num- 
ber of degrees on the horizon, from the meridian to the 
edge of the quadrant, will be the azimuth. 

EXAMPLES. 
1. Find the sun's altitude and azimuth at New York, May 10th, 9 
o'clock A. M. -471*. Altitude, 46r ; azimuth, 72i" E. 
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y. At London, May Ist, 10 o'clock A. M. Ana. Altitude, 47' ; azi 
muth, 44° K 

^ At London, March 20tli, 3i o'clock P. M. Ans, Altitude 22** ; azi- 
muth, 50° W. 



SECTION IV. 



DAY AKD NIGHT. 

— 108. The succession of day and night is caused by the 
rotation of the earth on its axis. 

Afl the earth turns on its axis, every place is brought alternately 
into the light and into the shade. All places turned toward the sun, 
so that its rays can shine upon them, have day ; and those turned 
away have night, because they are in the earth's shadow. 

, 109. The comparative length of day and night at any par- 
ticular place and time depends upon the sun's declination, 
or distance fi'om the equinoctial. * When the sun is north of 
the equinoctial, all places in the northern hemisphere have 
longer day than night, and those in the southern hemisphere, 
longer night than day ; but when the sun is south of the 



equinoctial, this is reversed. 

In the diagram, let H H represent the 
horizon, P P' the axis of the celestial 
sphere, E E' the equincfctial ; let also S 
be the sun in north declination, and S' 
in south declination ; it will be obyious 
that as the earth turns, the sun at S will h 
appear to move in a diurnal arc, as a S ^, 
greater than the nocturnal arc acb; and 
at S', the diurnal arc wi S' n will be less 
than the nocturnal arc mon; while at E, 
in the equinox, the circle of daily motion 
described by the sun will be divided 
equally by the horizon. 



Fiff. 46. 
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QiTXSTiONs.— 108. What cauRea the succession of day and night? 109. On what does 
tiie lengUi of day and night depend ? How does the day compare with the night when 
the Ban la north of the equinoctial ? When south of it ? Explain by the diagram. 
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— 110. All places under the equator have equal days aod 
nights during the whole year. 

«. This will be obvious, if it is remembered that in a right sphere, 
all the circles of daily motion are perpendicular to the horizon, and 
equally divided by it ; so that whatever the declination of the sun 
may be, its diurnal arc must always be equal to its nocturnal arc 

ft. One half of the year, to places under the equator, the sun is in 
the north when on the meridian, and the other half in the south ; 
while on the 20th of March and the 23d of September, it is exactly 
overhead, or vertical. 

c. Since the sun's declination is never greater than 23^°, no place 
whose latitude, either north or south, is beyond that limit, can have a 
vertical sun ; and all places within these limits must have a vertical 
sun twice every year ; that is, as the sun moves north and on its return. 

^111. The small circles parallel to the equator or equinoc- 
tial, at the limit of the sun's declination, are called the 
Tropics ; that at the northern solstice is called the Tropic 
OF Cancer ; that at the southern, the Tropic of Capri- 

CORI?^. 

^ a. Tropic means turning ; and these circles are called tropics, because, 
when the sun arrives at one, it turns back and goes to the other. lEhey 
serve to bound that zone of the earth's surface within which the sun 
can be vertical. 

.. 112. Places situated at either of the poles have constant 
day during the whole six months the sun is in the same 
hemisphere ; and constant night during the six months it is 
in the other. 

a. For in a parallel sphere, the equinoctial coincides with the hori- 
zon, and therefore, when the ,sun is north of the equinoctial, it must 
be above the horizon, and when south of the equinoctial^ below it. 

b. Since the altitude of the pole is equal to the latitude, (Art, ^,a^ 



QuBsnoNS.— 110. Day and night at places under the equator? cr. Why? 6. When 
is the sun vertical? c. What places can haye a vertical sun? 111. What are the 
tropics? How named? a. What does tropic mean ? 112. What places have constant 
day, and when? a. Why? h. How often does the sun cross the meridian at theso 
places? Explain by the diagram (Fig. 47). 
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the distance of the circle of perpetual apparition from the equator 
is equal to the complement of the latitude ; and when the sun is 
within this circle, there must be constant day : the sun keeping above 
the horizon, and crossing the meridian twice during the twenty-four 
hours, — once when it culminates, in the wnUk or north, according as 
the place is in north or aaiUh latitude, and once at the opposite part of 
the circle. 

Suppose Z to be the zenith 
of a place 15° from the north 
pole, and consequently in 75" 
N. latitude; H H'beiDg the 
plane of the horizon, P P the 
celestial poles, £ £ the plane 
of the equinoctial, S the sum- 
mer solstice, and W the 
winter sotetice : then P H' =* 
To'*, and a W is the circle of 
perpetual apparition, and H b 
the circle of perpetual occul- 
tation. At d the sun has 15<^ 
of north declination, and at 
its point of culmination, a, 
crosses the meridian at an al- 
titude of 80«(H E + E a); 
while at the opposite point it 
just touches the horizon at H'; 
H' is obviously the north, because It is toward the pole. Going north from d 
toward the solstice 8, and back from 8 to c, it is evident that the sun will be 
within the circle of perpetual apparition, and hence, there will be constant 
day ; while from c to «, the equinox, and from e to n, the circle of perpetual 
occultation, it will rise and set, its meridian altitude growinsc less and less 
until at », it will appear at the horizon for a short time at noon each day, 
and finally disappear, remaining below the horizon while sroing south ft-om 
n to W, the winter solstice, and north from W to m, where it again crosses 
the circle of perpetual occultation, and then appears once more above the 
liorizon. There is, therefore, constant day while it is passing over dSc, and 
constant night while passing over nWm. 

c. Since the smallest circle of perpetual apparition or of perpetual 
occultation reached by the sun extends 66 K from the pole, no place 
situated within 66^-" from the equator, can have constant day, or day 
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QiTESTioxs.— r. \Vhat is the limit of constant day and night ? 
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of more than 24 hours' duration. Hence, the limit of constant day is 
the small circle round each pole, 23^" trom it. These two parallels 
are called 'Qolar circles. 

^113. The POLAR CIRCLES are two 
small circles, parallel to the equa- 
tor or equinoctial, and 23}° from 
the poles. The one round the north 
pole is called the Arctic Circle ; 
the one round the south pole, the 
Antarctic Circle, 
^ 114. All places within the polar 
circles have constant day and con- 
stant night during a pojtion of 
each year; the duration of each 

being greater or less according as the place is nearer to the 

pole or farther from it. 
The polar circles serve to mark the limit of constant day and ni^ht. 
Piflr. 49. ^^^ , jj^ .^^^^ ^j^^ g^^ jg j^ 

either of the solstices^ all 
places in the same hemi- 
sphere with it have their 
longest day and shortest 
night, and those in the 
other, their shortest day and 
longest night When it is 
in either of the equinoxes, 
the days and nights are of 

equal length in all parts of the earth, except at, or very near, 

the poles. 
-116. The atmosphere of the earth increases the length 

of the day, both by refracting and by reflecting the sun's rays. 

QuFSTiONS —113. What are the polar circles ? How named ? 114. What plnecs hare 
constant day or night? 116. What is said of the day. and night when the ^nn enters 
either solstice ? Either equinox ? 116. How is thf> lon^'th of the day increased ? 
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a. When the sun is in dther **•* *^ 

of the equinoxes, one half of it 
would constantly appear ahove the 
horizon of a place at either of the 
poles, except for refraction, the 
effect of which is very great at 
those points ; so that the sun, at 
the equinox, appears wholl7 ahove 
the horizon, thus causing constant 
day, within one or two degrees of 

each pole. The general effect of kasth at thx bquxxtox 

refraction is to incfeaw the length of the 4ciyfrom six to ten minutee. 




; ^ y " ^ ' T\VMLIGHT. 

" .-^;;-;^17. When the sun is a short distance below the horizon, 

y" its rays fall on the upper portions of the atmosphere, which 

y^ ^4 like a mirror reflect them upon the earth, and thus produce 

,i;^t faint light called tmlight The morning twilight is 

■^^■] geneWly called the dawn. 

.' 'V Pig. 51. 

H' 



^Us 



Let ABC represent three places on the cartb, and A H'', B H', C H, their 
horizons respectively. Suppose 8 to represent the sun, a little below the 
horizon, its rays passing through the atmosphere in S C H'' ; at A, no por- 
tion of the visible atmosphere is illuminated, and consequently there is no 
twilight; at B, the part H'' g H is illuminated, and at C, H"CH ; twilight 
is produced at each of these points. 

" When the sun is ahove the horizon, it illuminates the atmosphere 
and clouds, and these again disperse and scatter a portion of its light 




QUE8TION&— o. Effect of refraction? 117. What is twHight, and hour prodnced? 
Explain by the diagram. Remark of Sir John HerftcheL 
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in all directions, so as to send some of its lajs to^very exposed point 
fibm every point of the sky. The generally diffused light, therefore, 
which we enjoy in the day-time, is a phenomenon originating in the 
very same causes as twilight. Were it not for the reflective and scat- 
tering power of the atmosphere, no object would be visible to us out 
of direct sunshine ; every shadow of a passing cloud would be pitchy 
darkness ; the stars would be visible all day, and every apartment into 
which the sun had not direct admission would be involved in noc- 
turnal obscurity."— Sr John Sersehd, 

.. 118. The duration of twilight varies greatly at diflferent 
parts of the earth; it is shortest at the equator, and 
increases toward the poles ; near the polar circles and within 
them, there is constant twilight during a part of each year. 

a. At the equator, the duration is Ih. 12m. ; at the poles, there are 
two twilights during the year, each lasting about 50 days. This long 
twilight diminishes very much the time of total darkness at the poles ; 
for the sun is below the horizon six months, equal to 180 days, and 
deducting 100 days of twilight, there remain only 80 days, or less than 
three months, of actual night. 

119. Twilight does not cease until the sun is about 18° 
below the horizon. 

a. This is the generally received estimate, but there is considerable 
uncertainty about it. Some have foimd it to be as great as 24*" ; others 
have reduced it to 16°. There is also a variation in different latitudes ; 
18° is the mean value. • 

, b. If the earth's atmosphere were more extensive than it is, the 
twilight would of course be longer, since the sun would not cease to 
illuminate the higher portions of the atmosphere until more than 18° 
below the horizon ; and if the atmosphere were less extensive, the 
reverse of this would be the case. Knowing therefore the depression 
of the sun (18°) requisite for the cessation of twilight, we can calcu 
late the extent or height of the atmosphere. Thus computed, it is 
about 40 miles. 

Questions.— 118. What is the daration of twilight at diflferent places ? Where is there 
constant twilight? a, Daration of twilight at the equator? At the poles? 119. 
When does twilight cease ? a, DirersitieB of estimate ? b. What can we find by know, 
ing this fact ? r. Why is the d uration of twilight different at diflferent pUoes ? Explain 
by the diagram (Fig. 6*2). 
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e. If the circles of daily motion were at all places equally inclined 
to the horizon, the duration of twilight would everywhere be the same ; 
since the earth would always have to turn the same amount to bring 
the sun 18° degrees below the horizon ; but the more oblique the circles 
are, the farther the earth has to turn, and hence the twilight is longer 
the nearer we go to the poles. 

Let the large circle repre- ^K* ^2. 

sent the celestial sphere, e the _ p 

earth in the centre ; P H the 
altitude of the pole in one po- 
sition of the sphere, and P' H 
itsaltitade in one less oblique; 
E E and E'B^ the equinoctial 
in each, and, of course, the 
direction of the circles of 
daily motion. In the more 
oblique sphere, that is, at 
the place in the more North- 
ern latitude, the celestial 
sphere, or which is the same 
thing, the earth, would have 
to turn a distance on the 
diurnal circle, equal to e «r, 
to bring the sun 18** below 
the horizon; while in the 
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reach the 
Thus we 



other position, the sun would 
same point of depression when the sphere had turned only e &. 
see the nearer the perpendicular the diurnal circles are, the shorter the 
tirilight ; while the more oblique they are, the longer the twilight. 



PROBLEMS FOR THE TERRESTRIAL GLOBE. 
Problem L — To find on tvJiat two days of the year the 
sun is vertical at any place in the Torrid Zone : Turn the 
globe around, and observe what two points of the ecliptic 
pass under the degree of the brass meridian corresponding 
to the latitude of the place ; and the days opposite these 
points in the circle of signs will be those required. 

EXAMPLES. 
On what two days of the year is the sun vertical at 

1. Bombay? A'm. May 15th and July 29th. 

2. Bahia? Ans. Oct. 28th and Feb. 14th. 
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Problem IL — To find the time of the suvUe rising am 

setting, and the length of the day, at any place, and on any 

day in the year : Elevate the pole as many degrees as are 

equal to the latitude of the place, find the sun's place, bring 

it to the meridian, and set the index to twelve. Then turn 

the globe till the sun's place is brought to the eastern edge 

of the horizon, and the index will show the time of the 

sun's rising ; bring it to the western edge, and the index 

will show the time of the sun's setting. Double the time 

of its setting will be the length of the day ; and double the 

time of its rising, the length of the night. 

Note. —The globe, of course, only shows this approximatively. A cor- 
rection would also be required for refraction- 

EXAMPLES. 

At what time does the sun rise and set, and what is the length of the 
day and night, 

1. At London, July 17tli ? Ans. Sunrises at 4, and sets at 8 ; lengrth 

of day, 16 hours ; night, 8 hours. 

2. At New Yoke, May 25th ? Ans. Sun rises at 4J, and sets at 7i ; 

length of day, 14^ hours ; nigbt, 9i hours. 

Problem IIL — To find the length of the longest and 
shortest days and nights at any place not within either of 
the polar circles : Find, by the preceding problem, the length 
of the day and night at the time of the northern solstice, 
if the place be north of the equator, and at the time of the 
southern solstice, if it be south of the equator ; and this 
wiU be the longest day and shortest night. The longest 
day is equal to the longest night, and the shortest day to 
the shortest night 

EXAMPLES. 

What is the length of the longest and the shortest day 

1. At New York ? Ans. Longest day, 14 hours 56 min. ; shortest 

day, 9 hours 4 min. 

2. At Berlin ? Ans. Longest, 16i^ hours ; shortest 7i hours. 
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Problem IV. — To find the beginning^ end, and duration 
of constant day at any place tvithtn either of the polar circles : 
Take a degree of declination on the brass meridian equal 
to the polar distance of the place, then on turning the globe 
around, the two points on the ecliptic which pass under that 
degree will be the places of the sun at the beginning and 
end of constant day. Find the day of the month coiTe- 
sponding to each, and it will be the times required. The in- 
terval between these dates will be the duration of constant 
day. 

Constant night is equal to constant day at a place situated under the cor- 
responding paraUel in the other hemisphere. Hence, to find the duration 
of constant night at a place in north latitude,.flnd the length of constant 
day at a place having the same number of degrees of south latitude. 

EXAMPLES. 

Find the beginning, end, and duration of constant day and night at 

1. NoBTH Cafe. An8. Constant day begins May 14th, ends July 

30th ; duration, 77 days. Constant night begins 
November ^th, ends January 27th ; duration, 73 
days. 

2. NoBTH POLB. Ans. Constant day begins March 20th, ends Sep- 

tember 2Sd ; duration, 187 days. Constant night 
begins September 23d, ends March 20th ; dura- 
tion, 178 days. 

Problem V, — To find the duration of twilight at anyplace 
not within either of the polar circles : Elevate the pole equal to 
the latitude, find the sun's place, bring it to the western edge 
of the horizon, and note the time shown by the index. Then 
wrew the' quadrant over the place, and bring its graduated 
edge to the sun's place ; turn the globe till the sun's place 
is shown by the quadrant to be 18° below the horizon, and 
the time passed over by the index will be the duration of 
twilight. 
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EXAMPLES. 



1. What is the daration of twilight at Lokdon, September 2ddt 

Afu, 2hoar& . 

2. What is it at Drbbdks, Apiil 19th ? Aru. 2 hours 15 minates. 



SECTION V. 

THE SEASONS. 



/^ 



^120. The Seasons are the four nearly equal divisions of 
the year, which are distinguished from one another by the 
Comparative length of*fche day and night, and the difference 
in the amount of heat received from the sun. 
"121. The CATTSES OF THE SEASONS are the inclination ot 
the axis of the earth to the plane of its orbit, and its revo- 
lution around the sun ; and the vicissitudes are regular, that 
is, always the same from year to year, because the axis 
always points in the same direction, or remains parallel to 
itself. 

a. These four periods, called Bpritig, Summer, Autumn, and Winter, 
are marked and limited by the arrival of the sun at the vernal equi- 
nox, northern solstice, autumnal equinox, and southern solstice, respect- 
ively. The following statements will be understood by an inspection 
of the accompanying: illustration (Fig. 53) : 

1. Sun in the Northern Solstice. — When the sun enters Cancer 
(northern solstice), the north pole is presented to the sun ; and sunmier 
is produced in the northern hemisphere, because the rays of the sun 
fall directly upon that part of the earth ; while winter occurs in the 
southern hemisphere, because there the sun's rays are oblique ; 

2. Sun in the Southern Solstice. — When the sun enters Capricorn 
(southern solstice), the south pole is presented to the sun, ai\d summer 
occurs in the southern hemisphere, and winter in the northern ; 

QUBSTiONB.— 120. What aro the seasons? 121. How caused? a. How limited Y 
What are the seasons when the sun enters Cancer ? Wlien the sun enters Capricorn "i 
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3. Sun in the Cqidnozes.— When the sun enters either of the equi 
noxes, the earth's axis leans sidewise to it, and the rays are direct to 
the equator, and equallj ohlique on both sides of it. Ck>n8eqaentl7, 
there is nether sommer nor winter ; but spring in that hemisphere 
which the sun is entering, and autumn in that which it has left ; 

4. Hence, when the sun enters Aries (vernal equinox), there is spring 

QunrnoNS.~Wh6n it is at either of the eqainozes ? When It enters Aries ? Libra ? 
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in the northern hemisphere, and ax^umn in the southern ; and when 
it enters Libra (autumnal equinox), the reverse is the case. 

&• By the sun's entering a sign, is meant its appearing at the first 
point of that sign in the ecliptic ; the earth, as seen from the sun, 
would appear, of course, at the first point of the opposite sign. 

In the inner circle of the diagram (Fig. 53), containing the names of the 
months, the dates give the times at which the earth enters the correspond- 
ing signs in the outer circle. Of course, the sun^ at these dates enters the 
opposite sig^s. 

^ 122. Summer is caused by the rays of the sun being more 
nearly perpendicular than in the other seasons, so that the 
same part of the earth^s surface receives a greater quantity 
of light and heat. Winter is caused by the greater obliquity 
of the sun's rays, in consequence of which the same quan- 
tity of light and heat is diffused over a greater surface. 

Fig. 54. 
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In Fig 54, it will be observed that the same quantity of rays that covers 
the north polar circle, when^hey are direct, covers the whole space from 
the antarctic circle to the equator, when they are oblique. 

, '123. The reasons are not precisely of equal length, be- 
cause the earth revolves in an elliptical orbit, and conse- 
quently passes through one half of it in less time than the 
other. 

a. The perihelion of the orhit is in the 11th degree of Cancer, its 
longitude being 100° 21' ; so that when the earth is at this point, the 

QvESTiONa— 6. What is meant by the sun's entering a sign ? 123. How is summer 
caused? Winter? Explain by the diagram. 123. Are the seasons of equal length? 
a. Explain the cause. 
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mm IB in the lltU degree of Capricorn, January Ist. Thus, the earth 
passes its perihelion, and is, con^uently, nearest to the son, in winter ; 
and the time occupied by the sun in going from Ijibra to Aries, thatis^ 
from the beginning of autumn to the beginning of spring, is shorter bj 
about ei^ht days than t^p time from Aries to Libra, or from spring to 
autumn again. The seasons are, of course, reversed in the southern 
hemisphere. 

b. The duration Fig. 55. 

of the seasons, re- r 

spectively, is as fol- 
lows: Spring, 92.0 
days; Summer, 
93.6 days ; Autumn, 
89.7 days; Winter, 
89 days. Thus, «:, 
Spring and Sum- 
mer contain 18G^ 
days ; and Autumn 
and Winter, 178J 
days; Winter be- 
ing the shortest 
season, and Sum- 
mer the longest. 

Fig. 56 will render 
this clear to the un- 
derstanding of the student. The diagram shows the position of the eartu 
when the sun is at the solstices and equinoxes, respectively, and the unequal 
portions into which the orbit is divided by the lines joining these points, 
corresponding to the unequal periods of tim^ mentioned above. 
I c. Motion of the Una of Apoides.— The line of apsides of the 

/^ earth's orbit does not always remain in the same position in space, but 
^ slowly moves toward the east, about 11}" every year ; lience, making a 

complete circuit in about 110,000 years. But the equinoxes are moving 
the other way about 50^' every year (Art. 105 ), so that the angular dis- 
tance between the perihelion and the equinox increases annually about 
V (more exactly, 62") ; that is to say, the longitude of the perihelion is 
about 1' greater at every successive year. 
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QcnriONa^ft. Wbat is the duration of each aeaaon ? Explain h^ the diagram. 
e, What motion has the line of apsides ? Its efliect on the perhelion r 
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cl« liength of the Seaaons Variable. — The comparative length of the 
fieafions is, therefore, not the same alP different periods. About 6,000 
years ago, the perihelion must have coincided with the vernal equinox ; 
and hence, the seasons of summer and autumn must have been equal, 
and also those of spring and winter ; and the former must have been 
ghoiter than the latter. About 11,000 years ago, the earth was nearest 
to the sun in summer, and farthest from it in winter, and .the seasons 
of spring and summer were the shortest, and those of autumn and 
winter the longest. This would make the summers of the northern 
hemisphere, according to the calculations of Sir John Herschel, 23" 
hotter than they now are. [Let the student modify the diagram 
(Fig. 55) so as to show each of these positions of the line of apsides], . 

6. Eccentricity "Variable. — The seasons are also affected, during 
very long periods, by the variation in the eccentricity of the earth's 
orbit. At present this is diminishing at the rate of about rghwo of the 
mean distance in a century ; that is, about 36i miles every year ; and 
as the major axis of the orbit, and, of course, the mean distance, always 
remain the same, we are, therefore, every year 36i miles farther from 
the sun in perihelion, and 36^ miles nearer to it in aphelion, than during 
the preceding one. If this change continued for ages, the orbit would 
pnally become a circle, and the seasons would be greatly changed ; 
but Lagrange, a famous French mathematician, demonstrated that 
it takes place only within very narrow limits, at the rate above men- 
tioned. If the eccentricity has continued to diminish for 80,000 years 
at this rate, at the commencement of that period, it must have been 
three times sa great as at present, or about 4i millions of miles instead 
of one million and a half. The aphelion distance must then have 
been 96 millions, and the perihelion distance 87 millions. Now, the 
intensity Of the solar heat paries inversely as the square of the dis- 
tance ; and the heat of the interplanetary spaces has been estimated at 
490° below zero. Hence, if we estimate the average winter heat at 
89°, the amount of heat received from the sun must be 529° ; and 
96* : 93* : : 529° : 496°. Hence, if the aphelion distance were 96 mil- 
lions of miles instead of 93 millions, the average wmter heat would 
be reduced to 6°, or 26° below the freezing point. 

^124. The DIFFERENCE OF TEMPERATURE in the seasons is 



Qijir8TiOK8.->cf. Effect of the motion of the apsldes OH the length of the BehSQBs?. 124. 
What eauses the difference of temperature during the seaions ? 
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nof^ only dependent upon the direction of the sun's rays, 
hut also upon the comparative duration of day and night 
Thus, summer occurs when the days are longest^ and win- 
ter when they are shortest 

a. All parts of the earth's surface are not a£fbcted alike by the dr- 
comstances which produce the seasons. Those parts of the earth at 
which the sun maj be vertical have the greatest heat ; those parts at 
which there may be constant night have the greatest cold ; and the 
parts between these have a degree of heat and cold not so extreme as 
either. Hence, the earth's surface has been divid.ed into five portions, 
called Zones. 

b. The boundaries of the zones must be the circles which limit the 
declination of the sun, north and south, and those within which there 
may be constant day or night ; that is, the tropics and polar circles, 

^ 125. The ZoKES are the five divisions of the earth's sur- 
face bounded by the tropics and polar circles. They are 
called the Torrid, North Temperate, South Temperate, 
North Frigid, and Soutb Frigid Zones. 

^ 126. The Torrid Zo2ra; includes the space between the 
tropics, the equator passing through the middle of it It is 
47 degrees wide. 

-r 127. The Temperate Zokes are ^^8; ^^ 

those which are included between the 
tropics and polar circles. The north- 
em is called the North Temperate 
Zone; and the southern, the South 
Temperate Zone. Each is 43 degrees 
wide. 

^ 128. The Frigid Zoites are those 
included within the polar circles. TnEaoNia. 

That in the arctic circle is called the North Frigid Zone ; 

QuEsnoNB.— a. Why has the earth's surface been divided into sones? 125. Define 
the zones. How named? 126. Where is the torrid zone? 127. Where are the tern 
perate zones? 128. The frigid zones? 
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that in the antarctic circle, the South Frigid Zone. Bdch 
extends 23 J degrees from the pole, and is 47 degi-ees across. 



SECTION VI. 



THE FIGURE AND SIZE OF THE EARTH. 

.^^ 129. The figure of the earth is that of an oblate 
spheroid, differing but slightly from a perfect sphere. 

a* Proofii that the Earth is SpheroidaL— Several and diverse 
proofs may be given to establish this fiict. 

1. ITie effect of the centrifugal force vmild necessarily give it this 
form; for, since this force causes bodies to fly off from the centre of 
motion, the water, or any other yielding materials of which the earth 
is composed, would recede as far as possible from the axis of rotation, 
and thus passing from the poles to the equator, cause the earth to 
bulge out at those parts. Sir Isaac Kewton. from this consideration, 
veiy nearly ascertained the amount of oblateness in the earth's figure, 
before any actual discovery of it had been made. 

This change in the form 
of a rotating body may be 
illustrated by an apparatus 
represented in Fig. 57. This 
consists of one or more cir- 
cular hoops of an elastic ma- 
terial, fiustened at the lower 
end of the axis, but free to 
move up and down, at the 
upper end. When set in 
rapid rotation, they lose 
their circular form and are 
bulged out at the points 
farthest from the axis, so as 
to become elliptical in form. 

2. The attraction exerted by tlie earth at its surface is less at the equct- 
tor than at any other part, and increases as we go from the equator 
toioard either of the poles. This is shown by a pendulum's vibrating 

QxTBSTioNs.— 129. What is the figure of the earth ? a. What is tht first proof? 
Illastrate it and explain by the diagram. What is the second proof? 
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len npidly at the equator than at places nearer the poles; and this 
can be aooonnted for onlj by sapposing that the equatorial partaof the 
earth are the fiirtheet from its centre, and the poles the nearest to it ; 
since the attraction of gravitation diminishes as the distance increases. 
3. I%e length of a degree on the meridian i$ different in different 
latitudes, showing a variation in the curvature of the earth's surfiBioe at 
different parts. If the earth were an exact sphere, the meridians would 
be perfect circles, and consequently of the same curvature at every part ; 
hence, if we find, by exact measurement, that the curvature is not the 
same, we know that they are not exact circles. This is what has been 
ascertained The length of a degree on the meridian has been measured 
atdifibrent latitudes ; and it has been found that it is longer the nearer 
we go to the poles, showing that the earth is flattened at these parts. 

Let the eUipse, Fig. 58, repre* 
sent the form of the earth. Since 
the curvature at F is much less 
than that at £, the radius of the 
curve a b will be longer than that 
of cd ; hence, if the angle a o 6 is 
equal to the angle emdy the arc a& 
which is farther from the centre 
than e d, must be the longer. Of 
course, this would be equally true 
of an angle of 1** ; and thus, the 
arc subtending one degree of an- 
gular measurement at the poles 
must be longer than the corre- 
spending arc at the equator, if the earth is spheroidal. 

b» To Find the Size of the Barth. — The angular distance of two 
places situated under the same meridian, measured from the earth's cen- 
tre, is the arc of the meridian contained between the plaees. This angle 
is found by observing the change of position, with respect to the hprl- 
son or zenith, which a star appears to undergo when viewed from two 
different points on the earth's surface, one being exactly north of the 
other. The apparent displacement of the star is the angular distance, 
or meridian arc, contamed between the two places. Then,, having 
measured the distance in miles between the places, we can find by a 




QtrEsnoivk— How is this fact shown? What is the third proof? inuakrate it 
Explain by the diagram, h. Howls the dee of the earth found? Explain by the 
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•inple proportion, the circumference of the earth. For, sappose th^ 
angtilar distance is fonnd to be 2^°, and the actual distance 172.70 
mUes ; then 2i' : 860' : : 172.76 miles : 24,877 mUes. This must be th« 
eireomference of the earth ; and dividing 24,877 miles by 3.1416, the 
ratio of the circumference to the diameter, we obtain its diameter. 

To understand why 

a change in the place 

of the spectator caaaes 

«\,.-', '-- /j * displacement of the 

star, let E (Fig. 59) 
represent the centre of 
the earth, P and P 
places on the earth, Z 
and Z' the zenith of 
each respectively, S, 
/ / / \ •, the direcHon of a star 

situated at an immense 
distance beyond. At 
F, the zenith distance 
of the star is a <?, or the angle S P Z ; at P, the other place, it is b d, or the 
angle S P Z', greater than 8 P Z by the angle e P d, which is equal to the 
angle PEP. Thus, the star appears fkrthcr from the zenith Z' than 
from Z at P by the arc of the meridian, PP. 

//130. The oblateness of the earth's figure is equal only to 
^3 00 part of its diameter, or 26^ miles. 

a. So small is this variation from an exact sphere, that if a body 
were made of the precise form of the earth, having its longest diame- 
ter three feet in lengtii, the shortest would be only one-eighth of an 
inch less, — an amQunt entirely imperceptible. 

h. The longest diameter of the earth is 7,925i uiiles ; the shortest 
diameter 7,899 ; the mean diameter 7,912 miles. 

131. The spheroidal figure of the earth is the cause of the 
precession of the equinoxes. 

a. Precession Explained.— For since this excess of matter at tho 
equator is ntuated out of the plane of the ecliptic, the attraction of 

QinMTiOKS.— ISO. What i« the degree of oblateness of the earth ? niastratio-i ? 
6. What are the exact dimeorions of the earth 7 131. What does the spheroidal figure 
•f the earth cause ? a. Explain how precewion is caused ? 
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the son and moon acts obliquely upon it, and thns tends to draw the 
planes of the equinoctial and ecliptic together ; which tendency, by 
the rotation of the earth on its axis, is converted into a rfid i»!g moy^ 
ment, as it were, of one circle upon the other, both preserving rttj 
nearly the same inclination. 

ng.ea 




Os 



Thus (Fig. 60) the attraction of the sun, acting obliquely upon the protu- 
berance, or excesG of matter, at £ and E', tends to draw it toward the plane 
of the ecliptic ; and this it would finally accomplish were the earth's rota- 
tion suspended; so that the plane of the equator would be made to 
coincide with that of the ecliptic. But the effect is a sliding of the equator 
over the line of the ecliptic, and thus a change of the points of inter- 
section. 

b» Revolution of the Poles. — Since the equator moves round on 
the ecliptic, thii poles of the earth must revolve around those of the 
ecliptic, and consequently change their apparent position among the 
stars. Hence, the star which is now so near the north celestial pole 
will not always be the pole^tar ; but in about 18,000 years, that is, 
one-half the period of an entire revolution, will be 47° from it. 

c. Why the Sqninoctial Points move toward the West.— It may 
not be obvious why the equinoctial points move toward the west ; but 
perhaps the following diagram and explanation will render it clear : 

Let E E (Fig. 61) represent the equator, nnd e e the ecliptic, A the first 
degree of Aries, or vernal equinox ; a 5 the amount of force exerted to 
draw the equator toward the ecliptic in a given time, and a d the amount 
of rotation performed in that time. By the principle of resultant motion, 
the excess of matter and, of course, the earth with it, would move in the 

Qttksttons. — ft. Effect on the position of the poles? c. Why does the eqninox more 
toward Iho west ? Explain by the diagram (Fig. 61). 
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diagonal a e, thus changing the direction of the equator from £ £ to ^ A^ 
and causing tlie point of intersection to recede ftom A to A'. It will be 
obvious that the angle of inclination at A must be very nearly equal to 
that at A'. 

<f • Obliquity of the Scliptic Variable. — ^Theie is a very slow dimi- 
nution of the obliquity of the ecliptic, amounting to 46V ^ & century. 
At present (1867), the obliquity is 23° 27' 24". The amount of varia- 
tion is l"" 21'. to pass through which arc it requires about 10,000 years. 



SECTION VII, 



TIME. 



132. The apparent motions of the sun and stars, caused 
by the real motions of the earth, afford standards for the 
measurement of time. 

133. The time which elapses between a star's leaving the 
meridian of a place until it returns to it again is called a 

SIDEBBAL* DAY. 

a. This is the time of one complete revolution of the celestial 
sphere, and is the exact period of one rotation of the earth on its axis. 
It is an absolutely uniform standard, having undergone not the 
slightest appreciable change from the date of the earliest recorded 



* From the Latin word ndtUy which means a star. 

QiTESnoNB.— cf • What change takes place in the obliquity of the ecliptic ? 132. What 
are the Bkandarda for measuring time f 133. What is a sidereal day ? a. Is it Qniform ? 
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obflerVtttioiiB. I^ideed, it is the only aboolutety imifonn motion ob- 
served in the hoavens. 

134. A SoLAB Day is the period whicb elapses from 
the snn's leaving the meridian ol* a place until it returns to 
it again. 

a. As the Bnn is constantly chan^^ng^ its place among the stanr, 
owing to the annual revolution of the earth, this jteriod must be 
longer than a ddereal day ; for the sun having moved toward the east 
daring the time of a rotation, the earth must turn farther in order to 
bring the place again into the same relative position with the sun. 
This will be understood by examining the annexed diagram. 

Let 1 represent Fig 62 

the earth in one po- 
sition of its orbit, 
and 2 the position 
to which it advances 
daring one day ; P, 
the place at which 
the sun is on the 
meridian at 1; F', 
the same place after 
one complete rota- 
tion, as shown by 
the parallel P' S. 
It will be evident 
that in order to 
bring P' under the 
meridian, so that 
the sun may appear 
to cross it, the earth 
wiU have to turn a 
space represented 
by the arc P' M, which will make the solar day so much longer than the 
sidereal day. 

135. The solar day exceeds the sidereal day by an average 
diflference of four minutes. 




QunTioir8.-'134. What is a solar day ? a. Why are the solar days longer than th* 
iridereal ? Explain by the diagram. 135. "What is the are .lige difference ? 
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136. Owing to the Tariable motion of the earth in its 
orbit, and the obliquity of the ecliptic, this diflferenoe is not 
the same throughout the year ; and consequently the solar 
days are of unequal length. 

Why the Solar Dayi are Unequal— The first cause assi^ed for 
the inequality of the solar days will be easily understood, by reterring to 
Fig. 62 ; since it will be at once apparent that the length of the arc P' M 
mast depend npon the length of the interval between 1 and 3. If these 
intervals vary, the arcs which represent the excess over a rotation turned 
by the eartti in order to bring the sun on the meridian, must also vary, and 
in the same proportion. Hence, they must be longest wlien tti« earth is 
in perihelion, aod shortest when it is in aphelion. 

The second cause, 
^ namely, the obliquity 

ol the ecliptic, needs 
an independent iUus* 
tration:— Let API 
(Fig. 63) represent 
the northern hemi- 
sphere; A £ I the 
equinoctial, and A e 
I the ecliptic. Let 
the ecliptic be divid'- 
ed into equal por- 
tions, A 5, 6 c, c d, etc., and draw meridians through the points of division, 
intersecting the equinoctial in B, C, D, etc. The divisions of the ecliptic 
will be equal arcs of longitude, and the divisions of the equinoctial will be 
the corresponding arcs of right ascension, and hence passed over by the sun 
in equal periods of time. These arcs of right ascension, it will be apparent, 
are not equal ; for A &, which is oblique to AB, must subtend a smaller arc, 
A B, than d e which is nearly parallel to its arc D £. Thus the arcs of right 
ascension are shortest at the equinoxes, and longest 4it the solstices; 
while the divisions coincide at all these iour points. 

137. A Mean Solae Day is the average of all the solar 
49iys, throughout the year. It is divided into twenty-four 
hours, and commences when the sun is on the lower meridian^ 
that is, at midnight. 

QunnoNB.— 186. Why are the solar days unequal ? Explain by the diagrams. 187. 
What fs a mean solar day? 
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a. Beeaufie used for the general porpoBes of dyil and iodal life, it 
is also called the dtH day. Clocks are regulated to show its beginning 
and end, and the equal division of it into hoars, minutes, and seconds. 
As already staled, it is four minutes longer than a sidereal day. 

h. If the solar days were equal in length, the sun would always be 
on the meridian at 12 o'clock ; that is, apparent noon would coincide 
with mean noon — ^the noon of the clock. But this is not the case, and 
therefore to make the observed noon, as indicated by the sun, corre* 
spond with the noon of the dock, a correction has generally to be 
made, either by adding or subtracting a certain amount of time. This 
correction is called the eqtuxHon of time, 

138. The Equation of Time is the difference between 
apparent and mean time ; that is^ the difference between 
time as shown by the snn^ and that shown by a well-regu* 
lated clock. 

n. The unequal motion of the earth in its orbit causes the -son to 
be in advance of the clock from aphelion to perihelion, that is, from 
July 1st to January 1st ; and behind it from January 1st to July 1st ; 
while they both coindde at those points. The obliquity of the ecUptic 
pausies the sun to be in advance of the clock from Aries to Cancer, 
behind it from Cancer to Libra, in advance again from Libra to Capri- 
corn, and behind again from Capricorn to Aries ; and makes them 
both agree at those four points. To' verify this let the student exam- 
ine Fig. 63. When these two causes act' together, as is the case in 
the first three months and the last three months of the year, the equa- 
tion'of time is the greatest. 

/. 139. The equation of time is greatest in the beginning of 
<Jfovember, the sun being then abottt 16| minutes in advance 
of the clock. 

a. Hence, to deduce true noon from apparent noon, at that time it is 
necessary to subtract 16i minutes from the observed time. Th6 sun is at 
the greatest distance behind the clock about February 10th, the equation 

QuKBTioNS.— a. Wb^^lled a dril day ? 5. What ii meant by apparent and mean 
noon ? Do they coindde ? 138. What la the eqaation of time ? a. When ia .the pun 
in advanre of f tie clock ? When behind it? 139. When la the equation .of time th» 
gnateatf :"- 
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being then 14^ minutes/ and, of course, to be added, in order to find 
the eorrect- time. 

140. Mean and apparent time coincide four times a year, 
jiamely ; April JKth, June 15th, September 1st, and Decem- 
ber 24th. The equation of time then becomes nothing. 

" 6. To Find the Equation of Time by the Olobe. — ^The part of 
tbe equation of time that depends upon the obliquity of the ecliptic 
CtJi be found by the globe, in the following manner : — ^Bring the sun's 
plflce in the ecliptic to the brass meridian, and find its longitude and 
right ascension ; the difierence reduced to time (counting four minutes 
to a degree), will be the equation. If the right ascension exceed the 
longitude, the sua.is slower than the clock ; if the lon^tude exceed 
the right ascension, the sun is faster than the clock. 

Thus, on the 38th of January, the longitude of the sun is about 806**, the 
right ascension SlOi** ; hence the sun is 10 minutes slower than the clock. 
; Qt7B8Tid2iS.^What' is the equation of time October t9th? Ana, Sun 10 
. minutes faster than the clock. 

What is it August 13th ? Atu. Sun 8 minutes slower than 
the clock. 

141. A Sidereal Year is the period of time that 
elapses from the sun's TeaTing any star until it returns to 
the same again. , • 

«• This la the true period of the annual revolution of the earth, 
and is -equal to 8d5 days, 6 hours, 9 minutes, 9 seconds. Owing, how 
ever, to the precession of the equinoxes, t^e sun advances through all 
the signs, from either equinox to the same again, in a shorter period. 

' H2. A Tropical Year is the period that elapses from 
the sun's leaving the vernal equinox until it arrives at it 
jigain. It is 20 min. 20 sec. shorter than the sidereal year. 

. a.^.lt8 length is, therefore, SBS** 5** 48*" 49* which is the civil year, or 
the yeair of the calendar, deducting the 5^ 48™ 49* ; and as this is 
very nearly one-fourth of a day, one day is added every fourth year, 

' (}UK8TI69S.~146. When is the equation of time nothing? 141. What in a sidereal 
year? 142. Whatia a tropical year ? Hoir much shorter than a sidereal year? a, 
What (s its length ? What other names has it ? / 
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which makes what is called leap year, or bissextile. The tropical 
jear is sometimes called an equinoctial or iolar year. 

h. The sidereal year is not exactly the period which the earth 
requires to pass from perihelion to perihelion again, since the perihe- 
lion is moving slowly toward the east (Art. 128, c). This period is 
called the anomalutic year. It is about ^ minutes longer than the 
sidereal year. 

QUESTI0K8 FOR EXERCISE. / ^ 

These questions are to be answered by applying the principles explained 
in the preceding sections, and without the use of the globe. 

1. What is the latitude of the north pole ? 

2. What is the latitude of a place under the equator? 

3. New York is about 49^ degrees from the north pole ; what is its 
latitude ? - " 

4. How many degrees is it from the south pole ? 

5. What is the latitude of a place under the Tropic of Cancer ? 

6. What under the Antarctic Circle? Under the Tropic of Cap- 
ricorn t 

7. What is the greatest altitude of a heavenly bodj ? 

8. Where is the altitude greatest ? Where is it least ? 

9. If the zenith distance of a body is IS"", what is its altitude ? 

10. How many degrees wide is the circle of perpetual apparition in 
the latitude of New York ? 

11. How wide is it at the north pole ? At the equator ? 

12. If the declination of a star is 60° N., does it ever set in New York ? 

13. Does it rise in latitude 30° S. ? 

14 At what points is the declination of the sun greatest ? 

15. At what points is its declination nothing ? 

16. What is the right ascension of the sun in the first degree of Can 
cer? What in the first degree of Capricorn ? In the first degree of 
Libra ? In the vernal equinox ? 

17. What is the longitude of the sun in the summer solstice ? In the 
winter solstice ? In the autumnal equinox ? 

18. When the sun is in either of the equinoxes, what is its merid- 
ian altitude in New York ? In London ? At Cape Horn ? At North 
Cape? 

QtrESTioxs.— *. What ig an anomaliBtlc year ? Why longer than a ildereh! year ? 
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19. Wliat is the greatest meridian altitude of the son in New York ? 
What is the least? 

20. If the declination of a star is 30° N., what is its meridian alti- 
tude in New York ? Its zenith distance ? 

21. What must its declination be to be seen in the zenith at New 
York? 

22. When is it longest day in New York ? At Cape Horn.? 

23. If a star were seen on the meridian 40° from the zenith, what 
would be its altitude, azimuth, and amplitude ? 

24. If the meridian altitude of a star in Havana is 50°, what is its 
declination ? 

25. What are the amplitude, azimuth, zenith distance, and altitude 
of a star just rising 15° from the east? 

26. What is the right ascension of the sun when its declination is 

23rs.? 

27. What is its declination when its lon^tude is 90^ ? 

28. What is its right ascension when its longitude is 180° ? 

29. Where is a planet situated when its latitude is 0° ? 

30. In what position is Mars when it has the same longitude as the 
sun? 

31. At what point of a planet's orbit is the centripetal force greatest ? 
The centrifugal force ? 

32. If the inclination of the earth's axis had been 30°, how wide 
would each of the zones have been ? 

33. If it had been 45°, how wide would the torrid zone have been ? 
The temperate zones ? 

34. If the earth's axis were perpendicular, where would x>erpetual 
summer prevail ? Perpetual winter ? 

35. What would be the seasons, if the earth's axis coincided with 
the plane of the ecliptic ? 

86. Is constant day as long at the south as at the north pole ? 



CHAPTER VIII. 

THE SUN. 

143. The SuK is the source of light and heat to all the 
other bodies of the solar system, and the support of life and 
vegetation on the surface of the earth, or any of the other 
planets. 

All the forces displayed on our planet, whether mechanical, chem- 
ical, or vital, spring from the sxm and his exhanstless rays ; and yet, 
it is calculated, that the earth, with its limited grasp, only receives the 
two hundred and thirty millionth part of the whole force radiated and 
dispensed hy this vast and splendid luminary. 

■^^--^144. The greatest distance of the sun from the earth is 
very nearly 93 millions of miles ; and its least distance 
about 90 millions ; making the mean distance, as previously 
stated, about 91^ millions. 

a. History of its ZMsoovery* — ^The distance of the sun from the 
earth has heen, from the earliest times, a subject of close and earnest 
investigation to astronomers. Ptolemy and those contemporary with 
him, and in more modem times Copernicus and Tycho Brahe, supposed 
it to be equal to only 1200 times the radius of the earth, or less than five . 
millions of miles ; Kepler thought it to be about fourteen millions of 
miles : Halley, sixty-six millions ; and it was not until the middle of 
the last century (1760), that any reliable determination of this impor- 
tant bet was reached. This was accomplished by finding the horizontal 
parallax of the sun by means of observations made at difibrent parts 
of the earth, of the trantU of Ventu, which took place in that year. 

Qimno!ia— 143. Wbat !■ the ran ? 144. Wlut is its distenoe from the earth ? a. 
Opiniomi of TAriouB astronomen ? 
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b» When an inferior planet happens to be at or near one of its 
nodes, at the time of inferior cox^ unction, it appears like a round black 
spot on the disc of the sun, and moves across it from east to west. 
This passage across the disc is called a trarmt. The transits of Venus 
have been of very great interest because employed to determine the 
solar parallax. The method will be explained hereafter. 

145. The distance of the sun from the earth is ascertained 
by finding its horizontal parallax. According to a recent 
determination, this is a little less than 9". 

a. This has been found by a series of observations on Mars, made at 
the time of its opposition in 1860 and 1862, it being in those years at 
about its nearest point to the earth. More exactly stated, the solar 
para]laxis8.94". 

6. It has been already sliown (Art. 87, a.\ that the angle of parallax 
varies with the distance. The method of determining the distance from 
the parallax is as follows : 

Fig. 64. Let E (Fig. 64) repre- 

P sent the centre of the 

earth, P, a place on its 
surface, and S, the cen- 
tre of the sun. Then 
P S E is the angle of 
horizontal parallax, or 
the angle which the ra- 
dius of the earth subteuds at the distance of the sun. Now, in every right- 
angled triangle, such as P 8 E, the ratio of cither side to the hypotheniise 
depends on the angle opposite the side ; so that however long the sides of 
the triangle may be, the ratio is the same, provided the angle is the same. 
Hence, as tables have been calculated containing the ratio of every possi- 
ble angle, we can always find, by referring to these tables, this ratio when 
we linow the angle. In the triangle S P E, 8 E, the hypothenuse, is the 
distance of the sun, and P E, the radius of the earth, equal to 3956 miles. 
The opposite angle P S E, is the horizontal parallax, or 8.94". For this 
angle we find the ratio to be about .0000432; that is, P E = S E X .0000433 ; 

P E 
and hence 8 E = jo^qq^ ; but 3956 + .0000432 = 91,5%074, which is about 

the mean distance of the sun. 

QuMTiONB.— 6. What is a tranfit? 146. How is the distance of the sun found? a. 
What is the solar paraUax ? b. How is the distance of the sun deduced firom the par 
aUax? 
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C« The ratio of either ude of a right-angled triangle to the hypoth- 
enuse, dependent upon any particular angle. Is called the Hne of that 
angle. Thus, the sine of 30° is .6 or i ; that is, if one of the angles of 
a right-angled triangle is 30°, the side apposite that angle will be one- 
half the h^rpothenuse. \ 

d. Hence, it may be given as a general rule, that the radim of the 
earth divided by the fine of the horizontal parallax of any body is eq»al 
to He distance from the earth. 

Note.— It is important that thu student ebould keep the above definition 
tnd rule in memory, as they will be employed in 'several subsequent calcu- 
lations. 

— 140. The appai'ent diameter of the sun, or the angle 
which it subtends in the celestial sphere, is about 32', or a 
little more than one-half of a degi*ee. 

«. This is the mean value ; the greatest being 32' 86" ; and tbe least 
31' 32". This variation in the apparent size of the sun is caused by 
the elliptical orbit of the earth ; it being greatest when the earth is 
in perihelion, and least in aphelion. The apparent diameters of the 
sun, at different periods of the year, are measures of the different 
lengths of the radius-vector of the earth's orbit, and thus lead to a 
knowledge of its exact figure. 

&• Since the greatest apparent diameter is 32.6', and the least 31.533', 
their ratio Is as 1.034 to 1 (nearly), and one-half the difference, or .017, 
is about the eccentricity of the earth's orbit. 

^^^^147. The actual diameter of the sun is 852,900 miles, or 
107| times the diameter of the earth. 

a. This is found by a calculation based upon the principle of the 
right-angled triangle, xphiined in Art. 145. The method is as fol- 
lows: 

Let S(Fiff.65)be the centre of the 8nn,E the place of the earth. Then 8 A 
E is a ri^ht-angled trianp:le, in which thehypothenuseSE is the distance of 
the sun from the earth, A S the radius of the sun, and the angle A E S 



QuranoNs.— c. What is the «tn« of an angle? */. Give the general rcle. \4R. 
What Ifl the apparent diameter of the sun? «. How does It vary? ft. How may the 
eccentricity of the earth's orbit be found ? 147. What is the actual diameter of the 
sun? rv. Tloir found? Explain from the diagram. 
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'**' ^^ one-half the apparent 

diameter, or W, The 
ratio corre^'ponding to 
this angle^ or the sine 
of theungle, 18.00466^ 
hence, 91,500,000 X 
.00166 = 426,390, th« 
Bemi-diameter of th« 

sun ; and, therefore, the diameter is 852,780 miles, whkh is very nearly its 

exact length. 

148. The figure of the sun appears to be that of a perfect 
sphere, no observations having as yet detected any indica- 
tions of oblateness. 

— a. Surface and Volume. — Since the sur&oes of spheres are as the 
squares of their diameters, and the volumes as the cubes, it follows 
that the surface of the sun must be 11,620 times that of the earth, and 
its volume 1,252,000 times ; or, in round numbers, one million and a 
quarter of worlds as large as the earth must be rolled into one to form 
a body of the bulk of the sun. 

- 149. The mass of the sun is 315,000 times as great as 
that of the earth. 

"^ a. The method of finding this will be explained in a subsequent 
article. Since the volume of the sun is 1,252,000, while the mass, or 
quantity of matter is only 315,000, as compared with the earth, it fol- 
lows that the density of the sun must be only \ that of the earth. 
Now, the earth's density has been found by certain experiments to be 
about 5i (5.67) times that of water ; hence, that of the sun must be less 
than li that of water (1.42). 

b* From the comparative lightness of its substance, Herschel infers 
that an intense heat prevails in its interior, imparting an expanrability 
suflficient to resist the force of gravitation, which, otherwise, would 
cause the body to shrink into smaller dimensions. 

e. The volume of the sun is, as already stated, about 500 times that 
of all the planets ; the mass is, however, about 7(X) times as great 

QuEBTioirs.— 148. What is the figure of the sun ? a. What is said of its surface and 
volume? 149. What is its mass? «i. Its relative mass and density? b. What is 
the inference drawn by Sir John Herschel? c. Mass of the sun compared with that 
^ the planets ? 
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This shows that the density of the sun is greater than the average density 
of the planets. 

^^ 150. The sun rotates from west to east on an axis nearly 

perpendicular to the plane of the ecliptic, the period ol 

rotation being about 25] days (25<* 7*> 48°^). 
^ 151. This is proved by the spots which are seen upon its 

disc, and which appear to move across it, occupying about 

two weeks in their passage. 




A SPOT PABsnro Acioes tbk diso. 

^ a. A particular spot which can be identified by its appearance first 
appears on the eagtem limb, or edge, of the disc, passes across to the 
western limb, and then disappears ; but after about two weeks, re-ap- 
pears on the eastern limb, completing an entire revolution in about 

Fig. e?. 




M OVSMKNT OV IBS SUN AND SPOTS. 

27i daya But this must be longer than the period of a rotation, 
because the earth is moving in its orbit in the same direction. When, 

QuESTioivs.— IQO. Does the son rotate ? 151. How is this known ? a. How do the 
spots move ? Their time of rotation 7 How to find the time of the sun's rotation ? 
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therefore, the earth has completed one revolution, the number of revo* 
lations of the spots will be one less than the actual number oi 
rotations of the sun for the time. Hence, 365i days -^ 37i days = 13.4, 
revolutions of spots ; and 13.4 f 1 = 14.4, rotations of the sun ; there- 
fore, 365i days -s-14.4 = 25i days, the time of one rotation. (See Fig. 67). 

hm It may appear singular, at the first view, to infer an eastward rota- 
tion of the sun from an apparent westward motion of the spots ; but 
It must be remembered that the sides of the sun and ecrth presented 
to each other at any time are moving in opposite directions in space, 
while both bodies move in the same direction in circular motion. 

c. Discovery of the Spots. — The discovery of spots on the solar 
disc is noticed in history as early as 807 A. D. ; but their true appear- 
ance and extent were unknown until the invention of the telescope, in 
the beginning of the 17th century, at which time (in 1611) they were 
attentively observed by Galileo and others. In recent years, the sun 
has received a very great deal of attention from astronomers, and 
many interesting facts have been made known respecting its appearance 
and physical constitution. 

^— 152. The inclination of the sun's axis to the ecliptic is 
73° ; and, in consequj^nce of this inclination, the spots 
appear to move across the disc in lines of various directions 
and foim, sometimes being straight and sometimes curved. 

Fig. 68. 

MARCH JUNE 






APPVEENT PATHS OF SOLAS SPOTS. 



Fig. 68 illustrates this. In March, when the south pole is presented to 
, the spectator, the paths assume the appearance indicated in the first circle ; 
in June, they arc straight and oblique, because the observer is in the plane 



Questions. —ft. Why do the spots ser'in to move firom east to west? c. History oi 
their discovery ? 152. What is the inclination of the sun's axis ? 
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of the sun's equator; while in September, the obseirer behig north of its 
equator, the north pole is turned toward him, and they are as represented 
in the third circle. [The inclination of the axis is exaggerated in the 
diagram.] 

^ 153. Appearance of the Spots.— When the spots are 
examined by means of a telescope, they present the appear- 
ance of irregular black patches surrounded with a dusky 
border or fringe, the whole sometimes encompassed with a 
bright surface or ridge. The black portion in the centre is 
called the umbra or nucleus ; the dusky border, the penum- 
bra ; and the bright surfaces seen around the spots, or by 
themselves on other parts of the disc, are csHedfacuUB. 

Fi«. 69. 




60LAB SPOTS. 



a. Sometimes the nucleus is absent ; and sometimes spots are seen 
without any penumbra. The nucleus is not of a uniform blackness, 
but generally contains an intensely black spot in the centre. These 
spots usually appear in clusters, numbering from two to sixty or sev- 
enty, or even many more. 

154. Variability of the Spots.— The solar spots con- 
stantly undergo very great changes in number, form, size, 
and general appearance. 



QuMTioNS.— 168. Explain the appearance of the spots, a. What diversity in their 
appearance ? 154. What changes de they qndergo ? 
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— a. Sometimes the sun's disc will be entirely free from them, and 
will continue so for weeks and months ; at other times, they will burst 
forth and spread over certain parts of it in great numbers. After 
twenty-five years of continued observations, M. Schwabe, a German 
astronomer, discovered that there was a periodical increase and de- 
crease of the number and size of the spots ; and Prof. Wolf, of Zurich, 
by comparing the observations made during the last hundred years, 
has shown that this period has varied between 8 and 16 years. These 
periods are thought by some to depend upon physical influences exerted 
by some of the planets, particularly Venus and Jupiter, when in cer- 
tain positions of their orbits. 

Tig. 70. 




SUN-SPOT, JtrtT 89, 18«0, snowme tbe "wTLtow-LEAF" vrKOcram. 
. ,b. The spots are mostly confined to two zones parallel to the equator, 
and extending from 5° to 35° from it ; and they api)ear to have a tend- 
ency to arrange themselves in lines parallel to the equator. 

c. The duration of single spots is also very variable. A spot has 
been seen to make its appearance and vanish within twenty-four 



QvBsnoxB.— a. What periods have been established? 6. To what Eone are the 
spots mostly confined ? c. Their duration ? 
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bours ; while others have continued for nine or ten weeks, without 
much change of appearance. 
.^ d. Their magnitude also presents very great diversity. Spots are 
not unfirequently seen that subtend an angle of more than W, or 
nearly seven times the sun's horizontal parallax ; the diameter of such 
spots must therefore be more than 25,000 miles. A spot in June, 1848, 
continued visible to the naked eye for a whole week, its length being 
estimated at 74,000 miles. One observed in 1889, by Capt Davis, had 
a linear extent of 186,000 miles. 

Fig. 70 represents a large spot as seen and drawn by Mr. Nnsmyth, an 
English astronomer, in 1860. It shows the umbra, penumbra, the latter 
arching the former as well as surrounding it, and also the dotted or mottled 
surface of the sun, as seen through a powerful telescope. The penumbra 
presents the appearances to which Mr. Nasmyth has applied the name of 
" willow leaves," from their fancied resemblance to such objects. 

^^155. Theories as to the Physical Constitution of 
THE Sun. — The most generally received hypothesis as to 
the nature of the sun is that' it is an opaque body surrounded 
by an atmosphere of luminous matter, and that the spots 
are openings in the atmosphere, through which the dark 
body of the sun becomes visible, 

- a. This hypothesis was first advanced by Dr. Wilson, of Glasgow, 
in 1769. In 1793, Sir William Herschel suggested the hypothesis that 
two atmospheres encompass the sun ; the first or lower one being 
formed of a partially opaque or cloudy stratum reflecting light, but 
emitting none of itself; and the second consisting of luminous mat- 
ter, which is the source of the sun's light, and gives to the disc its 
form and limit. This luminous atmosphere has been sometimes called 
the pTiotosphere, 
^ b. The existence of a third atmosphere, very nearly transparent, 
and extending a great distance above the photosphere, is clearly indi- 
cated by the dimhiished brightness of the sun's disc toward the edges. 
/- c. Wilson's and Herschel's hypotheses, as develoi)ed and modified 

QUBSTiOKS.— cf. Their magnitadet 156. What generally received hjrpokhesis as to 
the cause of the spots ? a. By whom advanced ? b. What evidence of a third atmos- 
phere? r. Hoir do Wilson's and HerteheVs hypotheses explain the phenomena? 
Ganse of the openinRs? 
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by more recent observers, explain all the phenomena of the spots. 
The black mnbra is the body of the sun, while the penumbra is the 
non-luminous atmosphere, or cloudy stratum, rendered visible by the 
larger opening in the photosphere above it. When this opening is 
smaller, no penumbra is visible ; and when there is no opening in the 
doudy stratum, no black nucleus is visible. These openings or rents 
are supposed by Sir John Herschel to be caused by changes of tem. 
perature, in a manner similar to the production of tornadoes and other 
agitations of the earth's atmosphere. 

156. The spots and other appearances on the sun's disc 
indicate, without doubt, the existence of a luminous atmos- 
phere, consisting of gaseous matter in an incandescent 
state, — ^like the flame of an ordinary gas-burner, — and 
another atmosphere, also gaseous, and almost perfectly trans- 
parent, extending to a considerable distance beyond. 

a. The gaseous character of the atmosphere, denied by Sir William 
Herschel, seems to have been conclusively proved by M. Arago, by means 
of an ingenious application of the principle of polarized light. M. Faye 
estimates the height or extent of the photosphere at 4,000 miles. 

b* Eirchhoff's Hypothesis.— A simpler hypothesis than Wilson's 
and Herschel's has within the last five years been advanced by Eirchhoff, 
a German physicist, and others, to account for the phenomena of the 
spots, consistently with the established facts, as above stated. Accord- 
ing to this hypothesis the nucleus of the sun is an incandescent, solid 
or liquid mass, the vapors arising from wliich form the atmospheres, 
the denser and lower one being luminous from the incandescent particles 
that float in it. Changes of temperature in this atmosphere give rise 
to tornadoes and other violent agitations ; and descending currents pro- 
duce the openings, which are dark because filled with clouds of various 
degrees of condensation. This theory, and the experiments upon which 
it is based, are receiving, at present, much attention from astronomers 
and physicists ; and tht^re is reason to believe, that when fully devel- 
oped, it will entirely supersede the cumbrous and therefore improbable 
hypothesis so long and so ingeniously sustained. 

Questions.— 156. What is certainly indicated by the phenomena ? a. Gaseous char* 
ftcter of the atmosphere ? 6. Explai:i KirchhofTs hypothesis. 
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APPABEXT XAONITITDn OF THS SUN. 

157. The apparent diameter of the sun at each of the 
planets diminishes in proportion as the distance increases. 
Thus, at Mercuiy, it is 2i times as great as at the earth ; 
but at Neptune, only 3'^ as large. 

a. The surface of the solar disc at Mercury must therefore be 
about 6,000 times as great as at Neptune, and the intensity of its 
light and heat in the same proportion. 

b. Various experiments seem to show that the light of the sun at 
the earth is equal to that of 600,000 full moons ; (WoUaston estimated 
it at 800,000.) The light of the sun at Neptune must therefore be 
equal to about 670 times that of the full moon at the earth. The 
electric light is the only light that approximates in intensity to the 
light of the sun. 

c. The intensity of heat at the surface of the sun has been esti- 
mated to be 800,000 times that received at any point of the earth's sur- 
£Eice. Sir John Herschel supposes that it would be sufficient to melt a 
cylinder of ice 45 miles in diameter, plunged into the sun, at the rate 
of 200,000 miles a second. 

158. In addition to the rotation on its axis, the sun 
appears to have a progressive motion in space, revolving 
with all its attendant bodies around some remote star or . 
centre. 



QuEBTiONS. — 157. How does the sun appear at the different planets? a. Its surfacn, 
light, and heat, at Mercury and Neptune ? b. Light of the sun ? c. Intensity of its 
beat? 168. Motion of the sun and solar system in space ? 



110 



ZODIACAL LIGHT. 



a. The point to which it is tending haa, from a vast number of 
obeefvations mkde by different astronomers, been located in 260**- 2(y oi 
right ascension, and 83" 38^ of declination. Its annual Telocity is sup- 
posed to be about 160 million of mile& 

THE ZODIACAL LIGHT. 

^159. The Zodiacal Light is a faint luminous appear- 
ance, of the form of a triangle or cone, seen at certain 
seasons of the year, in the evening at the western, and in 
the morning at the eastern horizon. 

^*** "^^ —a. Its color is a faint white, tinged 

with yellow at the base, and fading 
away toward the apex, which is not 
sharp, but obtuse, or rounded. It 
extends obliquely from the horizon, 
in the plane of the sun's equator, 
and hence, very nearly in that of the 
ecliptic ; the distance of its apex 
from the sun varying from 40° to 
100** or more. Its breadth at the 
horizon also varies from 8** to 30°. 

-ft. It is seen most distinctly in 
March and April after sunset, and in 
September and October before sun- 
rise; because, at those times, the 
ecliptic is most nearly perpendic- 
ular to the horizon. In tropical 
regions it is more conspicuous than in the higher latitudes, and has 
been seen at midnight at both sides of the horizon at once, extending 
upwards so as almost to form a luminous arch. 

It appeared thus to Chaplain Jones of the U. S. Navy, who, from 1853 
to 1857, made a long and careful series of observations of it at the equator 
and between the tropics. He thought the observed phenomena proved it 
to be a nebulous ring encompassing the earth. Humboldt, in the same 
latitudes, also saw the double appearance of this light. 

QunwioNs.— a. To what point is it tending? Its velocity ? 16». Whati* the sodiaeal 
light? a. Its color, siEe, and direction of its axis? b. When seen? 
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c. Oanse of the ZodUoal Ziight^-Varioiu hypotheeeB hATe been 
soggested to account for the zodiacal light; that most generally 
received at present is, that it is a nebulous mass of great tenuity, 
of the shape of a lens, encompsssing the sun at its equator, and 
extending sometimes beyond the orbit of the earth. 

d* It must therefore sometimes envelop the earth in the plane of the 
ecliptic ; and consequently, to a person situated at the equator, or at 
either of the solstices, when the sun is in the other, would necessarily 
appear, about the time of midnight, at both sides of the horizon ; while, 
fcLrther north or south, it would disappear at that time, because viewed 
at a lower altitude, and through its narrowest part ; and would there be 
visible only in the evening, near the sun, where the line of view would 
penetrate it at its greatest thickness. 

€• Professor Norton regards it as made up of " streams of particles 
continually flowing away from the sun, under the operation of a force 
of solar repulsion due to disturbances occasioned by the planets in 
the magnetic condition of the particles composing the photosphere, 
and, therefore, arising ttom the same physical cause as that which 
produces the spots." He also traces a connection between it and the 
luminous appearance called the corona, seen at the time of a total 
eclipse of the sun around the obscured disc. The zodiacal light, he 
thinks, " may vary in brightness from one year to another, with the 
varying activity of discharge from the sun's surface." By others it 
has been regarded as a vast ring of meteors circulating about the sun, 
and flnally impinging upon it. 

^ /. Meteoric Theory of the Sun's Heat.— This hypothesis of a 
^X)n8tant shower of meteoric bodies falling upon the sun, has been 
used to account for the support of its heat ; for their collision with the 
sun would necessarily generate an intense heat, just as iron may be 
heated to any degree by hammering it. It is calculated that bodies of 
the density of granite falling all over the sun to the depth of 12 feet 
in a year, and with the velocity which they would acquire (384 miles 
in a second), would maintain the solar heat. If Mercury were to strike 
the sun, it would generate an amount of heat equal to all the sun emits 
in seven years ; while the shock of Jupiter would supply the loss of 
more than &0,000 years. 

QmriOMB.— CI. Boir to the xodiaeal light explained t d. How to the Inminous arch 
explained t e. Professor Norton* s opinion f /. Theory to acooant for the Bun*s heat ? 



CHAPTER IX. 

THE MOON. 

^^ 160. The Moon, although one of the smallest bodies in 
the solar system, is, to us, next to the sun, the most con- 
spicuous, interesting, and important, on account of its close 
connection with our own planet, and the eflfects which it 
produces upon it. 

161. The orbit of the moon is elliptical ; the point nearest 
'to the earth being called the perigee,* and the point 

farthest from it, the APOGEE-f 

162. Its mean distance from the earth is 238,800 miles ; 
and it is 26,000 miles nearer to us in perigee than in apogee. 

a« Its eccentricity is, therefore, 18,000 miles, or about ^055 of its 
mean distance* This is more than three times as great, in proportion, 
as that of the earth, which is less, than .017. 

6. To Find its Distance. — ^The distance of the moon is found by 
the method and rule explained in Art. 145. The moon's mean hori- 
zontal parallax is 57', the sine of which is .01657 : hence, 3956 -^ .01657 
= 238,745 ; which is very nearly the distance found by exact com- 
putation. 

Cm This is the distance of the moon from the earth's centre ; conse- 
quently it is about 4,000 miles nearer to a point of the earth's surface 



* From the Greek words peri, meaning vmr^ and gee^ the earth, 
t From the Greek words apo^ meaning frcmy and gee^ the earth. 

QuESTiONB.— 160. What is the moon? 161. What is perigee? Apogee? 162. The 
mean distance of the moon ? How much greater in apogee than in perigee ? a, Tho 
eccentricitf of the moon's orbit ? h. How to calculate the distance ? e. The distance 
of the moon at the horizon and in the senitb ? 
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directly under it ; and, with reference to any particular place <^n the 
Bor&oe of the earth, its distance varies with its altitude, being greatfst 
at the horizon, and least at the zenith ; that is, about 4,0p(H1nues 
fiurther in the horizon than when in the zenith. y^"*^^ 

Thus (Fig. 73), when the moon is at A, in 
theherizon, its distaDce Irom the place P is 
A P; but at B, in the zenith, it is B P ; and 
A P is obviously greater than B P by 
nearly the radius of the earth, or about 
4,000 miles. 

d. Motion of the Apsides. — The posi- 
tions of the apogee and perigee in space 
are determined by noticing when the moon's apparent diameter is 
greatest and when least. Careful observations of this kind show that 
these points shift their positions, and that the line of apsides completes 
a circuit from west to east in 83^ 310 i<*. This is called the progressian 
of the apsides. 

— 163. The inclination of the moon's orbit to the plane of 
the ecliptic is about 5|° ; consequently, it crosses this plane 
in two points called the moorCs nodes. 

a. Their positions are ascertained by observing from day to day the 
distance of the moon's centre from the ecliptic, which is its latitude, 
and noticing when the latitude becomes nothing. It must then be in 
one of the nodes ; when it comes from the south, the ascending node, 
and when from the north, the descending node. 

b» Motion of the Line of Nodes. — The line of nodes, like the line 
of apsides, is subject to a change, but in a retrograde direction, or 
from east to west. It completes a revolution in 18^ years. 

164. The mean apparent diameter of the moon is 31^', 
or a little more than half of a degree ; being about the 
same as that of the sun. The real diameter of the moon is, 
therefore, 2,162 miles. 

a. The Size of the Moon Calculated.— For the distance multi- 



QVESTiONB. — d. Motion of apsides? 163. The inclination of the moon's orbit? 
Nodes? a, Hov to determine their positions? b. Motion of line of nodes? 164. 
What is the apparent diameter of the moon ? Real diameter ? a. How found ? 
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plied by the sine of the apparent lemi-diameter ia equal to the real semi-di- 
ameter (Art. 147, a). The sine of the apparent semi-diameter is .004528, 
and 238,800 X .004.528 = 1081.28, the moon's semi-diameter. 

d* Suziace, Volume, Mass. — The diameter being very nearly equal 
to -ft that of the earth, its surface is (fy)\ or tIt* or about A of the 
earth's surface ; and its volume (hf, or about ^ that of the earth. 
Its mass is estimated to be about d^ of the earth's ; and consequentlx 
its density must be considerably less, about }. 



PHASES OP THE MOON. 

^ 165. The moon, when she first becomes visible in the 
west, is seen as a slender crescent ; but from evening to 
eveiiing her form expands as her angular distance eastward 
from the sun increases, until when in quadrature, or 90° 
from the sun, half of her disc is visible. When she has 
departed so far to the east that she rises just as the sun sets, 
the whole of her disc is seen, and she is said to be fuU. 
After this she becomes the waning moon, rising later and 
later, and growing less and less, until she may be seen in 
the east as a bright crescent just before sunrise. A short 
time after this she disappears, and then becomes visible 
again in the west. These different appearances, called the 
phases of the moon, prove that she revolves around the earth 
from west to east 

166. When the moon is in conjunction, the dark side 
being turned toward us, she is called new moon ; when she 
is in quadrature and shows half of her disc, she is called 
half-moon ; when she is in opposition, she is called full 
moon. When she is in quadrature after conjunction, she is 
said to be in her first quarter ; when in quadrature after 
opposition, in her last quarter, 

QuESTiows.— 6. The surface, Tolume, and mass of the moon ? IfiS. Describe the 
phases of the moon ? 166. What is the phase in conjunction, etc. ? 




pnAsn or thb xook 



- 167. When she is befween conjunction and quadrature 
she assumes the crescent form, and is then said to be horned; 
when she is between opposition and quadrature, she exhibits 
more than one-half of her disc, but not the whole, and is 
said to be gibbous. 

The positions of new and Ml moon are sometimes called the 
iyzygies* 

" 168. The phases of the moon are the different portions of 
her illuminated surfaco which she presents to the earth as 
she rrvolves around it 



* From the Greek word ^yzygiay meaning a yoking together. 

Questions. — 16T. When is the moon said to be horned? GribbonB? What are the 
i^cygleB? 16S. Define the phaMS. 
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Fi«- 75. In Fig. 75, let the par. 

Bw tially darkened circle 

^^ represent the moon ; 8, 

^^ - the direction of the gun ; 

E, the direction of the 
earth on one side of the 
->.S moon, and E', its direc- 
tion on the opposite side. 
Then a & will represent 
the line which separates 
the illuminated and 
^ C' darkened hemispheres of 

MOON noKmcD AWD oniBODB. the moon ; and c d, that 

which separates the hemisphere turned toward the earth from that turned 
away from it. At E, a c being the only part of the disc visible, the moon 
appears homed ; while at E', b c being visible, the form is gibbous. 

^ "«• Hence we can find the time of a revolution of the moon by 
observing the phases. If the eartli were at rest, the time from one 
new or full moon to the next would be exactly the period of a revolution ; 
but as the earth is constantly advancing in her orbit, when the moon 
has completed a revolution, she has to move still farther in order to 
come into the same relative position with the earth and sun. 

169. The time from one new moon to the next is 29^ 
days. This is the synodic period, and is called a synodical 
month, or lunation. 

a. Sidereal Period Calculated.— In a year, or 365i days, the 
moon makes 365} -^ 29i, or 12, ^ft- synodic revolutions ; but the side- 
real, or actual, revolutions of the moon must be one more ; because 
each synodic revolution is equal to one sidereal revolution and a part 
of another, equal, in angular measurement, to the advance of the earth 
in her orbit during each synodic revolution of the moon. Hence, the 
moon performs 13 A\ sidereal revolutions in 365i days : but 365i days 
^13,V8 = 27i days (nearly), which is, therefore, the time of one 
sidereal revolution. 

In Fig. 76, let A B represent the advance of the earth in its orbit, while 
the moon completes a synodic revolution, that is, moves from c, the posi- 
tion of inferior conjunction, till she arrives at the same relative position 



QuEBTiONR.— ff. What can we find by the phases? 169. What is a synodical month, 
or lunation ? a. How to find the sidereal period ? Explain by the diagram. 



THE MOON. 



117 



with the sun at E. But when she reaches this point, she has completed a 
sidereal revolution, and has also moved from D to E, a distance, It will be 

PUt. 76. 




SIDBBBAL AND BTNODIOAL BXVOLUTIOir. 

seen, equal in angular measurement to A B; since the arc A B bears the 
same proportion to the earth's orbit that E D does to that of the moon. 

170. Owing to the constant advance of the moon in her 
orbit, she rises and, of course, arrives at the meridian and 
sets, about 50 minutes later each successive day. 

a. This is the average interval of time between the successive ris- 
ings of the moon ; for since she moves through the ecliptic in 29i days, 
her daily advance is equal to about ISi* ; but a place upon tLe earth's 
surface moves 15° in one hour, and hence, requires nearly 50 minutes 
to overtake the moon. If the moon's orbit or the ecliptic, mnce the 
inclination is very small, always made the same angle with the hori- 
zon, this would be the constant interval ; but, in consequence of the 
obliquity of the ecliptic, this angle continually varies during each 
lunation. 

, 171. The Harvest Moon is the full moon that occurs 
in high latitudes, near the time of the autumnal equinox, in 
September and October, when she rises but a little later for 
several successive evenings, and thus aflFords light forool- 
lecting the harvest. 

a. By means of the globe, it may be easily shown that the ecliptic 
is most oblique to the horizon in the signs Pisces and Aries, and least 
so in Virgo and Libra ; so that when the moon is in the former signs, 
in this latitude, she rises only about half an hour later, but when in 



Questions.— 170. Why does the moon rise later each evening? «. Why are the 
interyals nneqaal ? ITl. What is harvest moon ? a. IIow to explain this phenomenon? 
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the latter, more than an hour. This difference is, however, onlj^ 
noticed when the moon happens to be fuU while in Pisces or Aries, 
and thus rises, for several evenings, in the higher latitudes, but 
a few minutes later. These fall moons must occur, of course, in 
September and October, when the sun is in the opposite signs, Virgo 
and Libra. In the former month, the full moon in England is called 
the Harvest Moon ; in the latter, sometimes, the Hunter's Moon. 

Let H S H M (Fig. 77) represent 
the horizon; 8, the position of the 
sun at sunset ; M, the full moon 
just rising ; S A M, the part of the 
equator, and S B M, the part of the 
ecliptic above the horizon, the sun 
being in Libra, the autumnal equi- 
nox, and the moon in Aries, the 
vernal equinox. Since the soutfum 
half of the ecliptic lies mw< of Libra, 
it will be evident that in or near 
this position the ecliptic must make 
the smallest angle with the horizon ; 
and consequently, while the moon 
maizes her daily advance in her 
orbit, M &, she only descends below 
the horizon a distance equal to A h; while, if her orbit made a greater 
angle with the horizon, as S A M, she would, by advancing through the 
equal arc M a, descend below the horizon a distance equal to ^ a. 

b* In the Polar Regions, since the full moon must be opposite to 
the sun, it remains constantly above the horizon ; and during about 15 
days passes through its changes without rising or setting, appearing 
to move around the horizon ; and at the pole, in a circle exactly parallel 
to it. At the time of the solstice, it is first seen in the west in its first 
quarter, and continues constantly visible till the last quarter. These 
brilliant moonlight nights serve partially to compensate the inhabit- 
ants of those dreary regions for the long absence of the sun. 

c. Moonlight in Winter. — The moonlight nights in the temperate 
latitudes are longer and paore brilliant in winter than in summer; 
especially about the time of the winter solstice. For when the sun is 
in Capricorn, 23i° south of the equinoctial, the full moon is in the oi>- 




HASVK8T MOON. 



QxTBSTioivs.— &. The moon as seen at the polar regions? e. Moonlight in winter? 
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ponte sign. Cancer, 28i'' north of the equinoctial, and therefore 
culminates at a great altitude ; and, if she happens to be also at the 
point of her orbit, 5V north of the ecliptic, at her greatest altitude, 
which is equal to the complement of the latitude plus 28^° plus 5f ". 
In New York, this is 40' + 38^ + 5^ = 'JT 38'. 

172. Observations with the telescope show that the moon 
always presents very nearly the same hemisphere to the 
earth. •. This proves that it rotates on its axis once during 
each sidereal month, or 27| days. 

' ' a. The unasnsted eye is able easily to perceive that the dusky 
spots on the disc of the moon constantly keep in the same relative po- 
sition and present the same appearance ; and this could not occur if 
she rotated so as to present in succession different hemispheres to the 
earth. Just as we infer a rotation of the sun from the apparent 
motion of the solar spots, so we know that the moon rotates during 
one revolution around the earth, by the observed fact that the lunar 
spots have no apparent motion ; ^ce, if the moon performed no rota- 
tion, the spots on its disc would move across it from west to east, 
nearly keeping pace with the moon's motion in its orbit, and completing 
one apparent revolution in 29^ days. 

Fi«. 78. 




That the moon must perform one rotation during each sidereal month, 
in order to keep the same side turned toward the earth, will be evident 
from the annexed diagram (Fig. 78). Let the line 1, 2, 8, etc., represent 
a portion of the earth^s orbit, and the dotted curve the real orbit of the moon, 
88 it is carried by the earth around the sun during one lunation. When 



Quisnosa^^lTS. Bow do we know that the moon rotates f a. How to explain this f 
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the earth is at 1, the moon is fall ; at 2, last quarter ; at 3, new ; at 4, first 
quarter ; and at 5, fUll again. The line a h indicates the position of the 
moon at the commencement of a rotation ; and the paraUd line c d, its 
position if it had only completed a rotation at the end of the lunation ; but 
it is evident that in order to keep the same face to the earth at 5, it must 
have turned more than one rotation by the angle contained between c d 
and ef. Hence, during a synodic period, or lunation, the moon performs 
more than one rotation, which she completes in a sidereal period, or 27J 
days. 

173. The real orbit of the moon, as she is carried by the 
earth around the sun, crosses the earth's orbit every 14^% 
but departs so little from it that it is always concave to the 
sun. 

a. It will be evident from Fig. 78, that the moon crosses the earth's 
orbit twice during each lunation, or 29i days ; but there are nearly 12^ 
lunations in a year ; hence the moon must cross the earth's orbit 25 
times during one year ; and 360° h- 25 = 14i* (nearly). 

6. The Lunar Orbit.— The orbit of the moon, if correctly repre- 
sented in relation to that of the earth, would present the appearance 
of a continuous curve, never crossing itself, and so slightly deviating 
from the earth's orbit as, unless drawn on a very large scale, scarcely 
to be distinguished from it. This will be evident when it is considered 
that the moon's distance from the earth is only about -ihn of the earth's 
distance from the 3un. Why the lunar orbit is always concave to the 
sun, will be made dear by the following diagram :— 

Let the dotted curve ABODE represent the moon's orbit crossiner that 
of the earth at A, C, and E. At A, the moon is in first quarter, and toest of 
the earth (although east of the sun) ; at B, it has made one-fourth of a revolu- 
tion, and is opposite to the sun and full ; at C, it is in last quarter, bein^ 
east of the earth; at D, it is new; and at E, again west of the earth and 
in first quarter, having thus completed one lunation. The ore A C or C E 
being known, it it easy to compute the distance of the chord A C or C E 
from the arc. This will be found to be about 750,000 miles ; but as the 
moon's distance from the earth is only 240,000 miles, its orbit can never be 
beyond the chord, but must, as at C D E, be within it ; and hence, must be 
always concave to the sun. In the diagram, the princit>l€ only is illustrated, 



QmnovB.— 178. Describe the real orbit of the moon. a. How often does it cross 
fbe e«rth*s orbit ? b* Why always concare to the sun ? Explain ftom the diagram. 
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the relative distance of the moon being greatly exaggerated, as well as the 
orbital movement of the earth during the lunation. The arc A C E in the 
diagram is more than 120'* ; whereas it should be only about d9<*. 

~ e. Iiilxnitioiui of the Mooiu — ^As the orbit of the moon is elliptical, 
her velocity is not uniform, sometimes exceeding that of her rotation, 
and at other times exceeded by it. In consequence of this, a small 
portion of the hemisphere tamed away from the earth becomes visi- 
ble alternately at the eastern and western limbs. This is called the 
UbraHon* in longitude, A portion of her surface is also exhibited 
alternately at each pole, caused by the inclination of her axis to the 
plane of her orbit. This is caUed the Kbratian in latitude. 

The greatest extent of the libration in longitude is 7** 58' ; in lati- 
tude, 6" 4T ; and the whole amount of the moon's surface made visible 
by both is about jijs. There is also a third libration caused by the 
difference in the angle under which the moon is viewed at any place 
when on the meridian from that at which we see it when at or near 
the horizon. This is called the diurnal libration. It is, however, 
quite inconsiderable, amounting to only 82" when greatest, and bring- 
ing into view but y^o of the moon's surface. Hence, -^^^ of the 
lunar surface is all that we are ever able to see ; ^Wo having never 
been gazed at by any human eye. 



* Libration means a balancing^ and is applied in consequence of the ap* 
parent rolling or vibratory motion of the moon from one side to the other. 

Qunnoira'^. What are libntions ? Of how many kinds ? Explain each. Hoir 
modi of the moon*i inrfaee hare we ever been able to see ? 
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d. Position of the Lunar Axis. — The moon's axis leans toward 
its orhit 6" 89 ; hence, this is the angle which the plane of its equator 
makes with that of its orhit ; and observation determines that the 
plane parallel to the ecliptic lies between these two planes ; therefore, 
the inclination of the moon's axis to the plane of the ecliptic is eqna\ 
to 6** 89'— 5^* 8', (the inclination of the orbit) ; that is, 1" 31'. 

It is a curious fact that the line of equinoxes of the moon constantly 
coincides with the line of nodes of its orbit, the ascending node of its 
orbit being situated at the descending node of its equator. Hence the 
lunar equinoxes retrograde with the nodes, and the pole of the moon 
revolves around that of the ecliptic, requiring 18}^ years to complete 
the circuit. 

FiK- 80. Fig. 80 represents 

the moon in two po- 
sitions of her orbit, 
O O; at 1, in the 
ascending node, and 
at 2, when she has 
her greatest north- 
em latitude. E E 
represents the plane 
of the ecliptic, and 
E' E', a plane paral- 
lel to it, each pass- 
ing between the 
planes of the moon^s equator and orbit, and at the point where the former 
descends below the latter. The angvlar distance between the planes £ £ 
and £' £', of course, never exceeds 5^°, which is about ten times the appar* 
ent diameter of the moon as seen from the earth. Hence, the greatest 
distance between these planes is about ten times the diameter of the moon, 
or 21,600 miles, which at the distance of the sun subtends an angle of 
about 49^', and to this extent may affect the apparent inclination of the 
axis as seen from the sun. 

.^'174:. Owing to the small inclination of the moon's axis 

to the plane of the ecliptic (1° 31'), she can have but very 

jittle change of seasons, and that not constant, because her 

axis does not always point in the same direction. 

a. From what has been said above (Art. 173, d\ it will be evident 

QyESTiONB.— <!. Explain and illnstrate the position of the lunar azisl What curioha 
fact is mentioned ? 174. What change of seasons has the moon f a. What change la 
tii« tqainoxei and solstioM? 
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that the lunar solstices a&d equinoxes change places with each other 
every 9^ years ; whereas, the period required for a similar change in 
the earth, occasioned by precession, is about 18,000 years. 

^ 175. A lunar day must be nearly 15 times as long as one 
of our days, and a lunar night of the same length ; since 
any place on the moon's surface requires 29 J days to return 
to the same relative position with the sun. Hence .the sun 
must remain above the horizon during one half of that 
period, and below it the other half. 

a. Mountains situated at either of the lunar poles must have per- 
petual day ; for the sun there can never be more than li'* below the 
horizon ; and on so small a body as the moon, the horizon would dip 
that amount at an elevation of about ^ mile. 

f 6. The Earth's Light. — On one hemisphere of the moon, the long 

night must«be relieved by the light of the earth, which exhibits the 
same phases to the moon as the latter does to the earth, except that 
they are reversed ; that is, when the moon is new to us, the earth is 
full to the moon ; and when the lunar form is but a slender crescent, 
the earth is gibbous, showing itself with almost full splendor. Kow, 
as the earth's disc contains about 14 times as much surface as that oi 
the moon, the light of the earth must cause a very considerable iUu- 
mination. 

c. The effect of this is seen when the moon is just emerging fh)m 
conjunction, the dark part of her disc being slightly illumined by the 
light of the nearly full earth, so that the full, round form of the 
moon's disc becomes visible, the bright crescent appearing at the edge 
toward the sun. This is sometimes called " the old moon in the new 
moon's arms." > 

c2. The Earth appears Stationary to the Moon.— The earth, 
<^ although it exhibits phases to the moon, does not appear to revolve 
around it, but remains at every place on the lunar hemisphere which 
is turned toward it, nearly at a fixed point in the heavens ; this point 
varying, of course, with the change of place of the observer. This 
will be obvious, when it is considered that the rotation of the moon 
would ^ve the earth an apparent motion from east to west; but the 

QuzBTiOHS. — ^175. Wliat is the \ength of a Innar day and night? a. Where is there 
^rpetual day? b. The earth's light — effect on the moon ? e, " The old moon in the 
new moon's armH r d. Why mast the earth appear stationary to the moon ? 
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motion of the moon in her orbit would give it an apparent motion ai 
the same rate, from toest to east; hence, one counteracts the other, and 
the earth appears to be ahnost stationary, only shifting its position 
backward and forward by the amount of libration. 

- 176. Appearances indicate that the moon has very little, 
if any, atmosphere ; and that its surface is as devoid of 
water as of air. 

a. When viewed with a telescope, the sur&ce of the moon appears 
entirely unobscured by any clouds or vapors floating over it ; and 
when the moon's edge comes in contact with a star, the latter is im- 
mediately extinguished ; whereas, if there were an atmosphere, it 
would, from the effect of refraction, rest on the edge for a short time ; 
that is, it would be visible when a short distance actually behind the 
moon. Observations of this kind have been made with so much 
nicety, that it is believed that an atmosphere two thousand times less 
dense than that of the earth could not have escaped detection. If any 
atmosphere therefore exists, it must be rarer than the attenuated air 
in the exhausted receiver of the most perfect air-pump. 

6. The absence of water follows from that of air; since, without 
the latter, the heat of the sun would be incapable of preserving the 
temperature above the freezing point ; as we see on the tops of terres- 
trial mountains, which are constantly covered with snow, from the 
extreme rarefaction of the air at those neights. If water existed, it 
would therefore soon be converted into ice ; but we see no indications 
of it even in this form. 

c. Some have accounted for this by suppo^g that the internal heat 
of the moon was once very great, as is that of the earth at the present 
time ; but that having cooled, the moon has contracted in volume, and 
that vast caverns have thus been formed in its interior, into which the 
water has penetrated, and, of course, disappeared. Indeed, it is obvi- 
ous that only great internal heat could keep an ocean upon the sur£EU% 
of a body like the earth or moon. 

SELENOGRAPHY. 

177. That part of the moon's surface which is turned 
toward the earth has been very carefully observed, and all 

QuESTiONB.— 176. Has the moon any atmosphere? a. How li this known? b. Why 
no water?, c. How accounted for? 177. What is selenography? 
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the objects upon it delineated upon maps or charts, so as to 
show their exact forms and relative positions. This branch 
of astronomical science is called Selenography.* 

a. This department of the astronomer's labors has been prosecuted 
with extraordinary zeal and industry by the Prussian astronomers. 
Beer and MSdler. Their chart, measuring 37 inches in diameter, 
exhibits the lunar surface with the most astonishing^ minuteness and 
accuracy. Other charts have also been constructed ; and the moon is 
still receiving a very scrutinizing survey by a number of eminent 
astronomers, each taking a separate belt or zone, with the object of 
arriving at still greater minuteness of delineation. 

^ 178. The moon's disc when viewed through a telescope 
presents a diversified appearance of dusky and bright spots ; 
the latter being evidently elevated portions of the surface, 
and the former, plains or valleys. 

, — a. The dusky patches were once thought to be seas, and they still 



Figr. 81. 




PHOTOOBAPHIO TIBWl OF IH» MOOK.— 2)« Xa BU€, 

♦ From the Greek word 9derik^ the moon^ and graphy, a description. 

QmsTiONS.— a. Coiwtraction of lunar charts f 178. How does th« moon appeal 
when riewed through a telescopa ? a. What are the dusky patches ? 
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TCtidn these names in selehogmphj, although without any such litera) 
meaning; thus, one is called Maft TranquUlUaiis, or Sea of Tranquil, 
lity ; another, Mare Nectaris, Sea of Nectar, etc. 
^ b. Lunar Mountains. — Mountains on the moon's surface are indi- 
cated hy the bright spots that appear scattered over the disc, and 
beyond the terminator, or line that separates the dark firom the illumi- 
nated part of the disc, and by the shadows cast upon the surface of the 
moan when the sun shines obliquely upon these elevations. 

c. These mountains are of various forms, including with others, tlM 
following : — 

1. Bugged and precipitoui ranges, many of a circular form, enclos- 
ing great plains, called on this account, " Bulwark Plains," from 40 to 

Fig. 82. 




COPERNICUS, FBOM A DBAWING BT BIB JOHN HEB8CHEL. 

120 miles in diameter ; 2. Lofty mountains, of a circular form» 
enclosing an area from 10 to 60 miles in diameter, resembling the crater 



QunnoNS.— fr. How are monntaiiis indicated ? c. What classes of moantaln for 
^nations f 
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6f a Volcano but of yast size, and sometimes containing in the centre one 
or more loftjr peaks : such formations are called Eing Mountains; 
8. SmaDer cavities, called craters^ also enclosing a visible space, and a 
central mound ; and 4. Deep lioUows, called holes, sliowing no enclosed 
area. 

From the Ring Mountains, streaks of light and shade radiate on all 
sides, spreading to a distance of several hundred miles. These are 
called radiating streaks. They are attributed bj some to the streams 
of lava which once flowed in all directions from these evidently voh 
canic moxmtains. 

d, OopernicuB. — (Fig. 82) — This is one of the grandest of the 
Ring Mountains. It is 56 miles in diameter, and has a central 
mountain, two of whose six peaks are quite conspicuous. The 
summit, a narrow ridge, nearly circular, rises 11,000 feet above the 
bottom. It is very brilliant in the full moon, sometimes resembling a 
string ot pearls. It lies on the terminator a day or two after first 
quarter. Another of the Ring Mountains (Tycho) is visible to the 
naked eye, in the southeast quadrant of the moon. It is 54 miles 
across, and is 16,600 feet high. 

^ €• Height of Lunar Mountains. — Beer and MSdler have calcu- 
lated the height of more than 1000 ^j^^ q3^ 
mountains, several of which reach e 
an elevation of 23,000 feet, which 
is nearly equal to that of the loftiest 
terrestrial peaks; and, of course, 
relatively very much greater. 

To UDderstaDd the principle on 
which the altitude of the lunar mount- 
ains is found, let E (Fig. 83) repre- 
sent the position of the earth, C, the 
centre of the moon, S, the direc- 
tion of a ray of the sun, falling on the 
top of a mountain at M, which there- 
fore appears to an observer at E, at 
the distance A M from the terminator 
at A. Now, this distance can be found 
by angular measurement and calcula- 
tion. Suppose it to be about ,v of the apparent diameter of the disc, or 




QuEsnoxa — d, Deflcribe Copernicus, c. Height of lunar mountains ? How found 1 



128 TBB MOOK. 

about T; then A M will be tV of the moon^s diameter, or abont 73 milea 
Then, from the properties of the right-angled triangle, (A C)« + (A M)«=: 
(C M)« ; that is, (1080)« + (73)« = (C M)« = 1,171,684 ; the square root of Which, 
1082.4, will be M. As this is the sum of the moon's radius and the 
height of the mountain, the latter must be 1082.4—1080 == 2.4 miles. 

/• The General Physical Coodition of the Moon's Sorfaco, 
therefore, as far as we can obeerve it, is characterized bj uniform deso- 
lation and sterility. Sir John Herschel says, that among the lunar 
mountains is seen in its greatest perfection, the true volcanic charac- 
ter, as observed in the crater of Mt Vesuvius and elsewhere, except 
tliat the internal depth of these lunar craters is sometimes two or 
three times as great as the external height, and that they are of vastly 
greater magnitude. By means of the great telescope of Lord Roese, 
the interior of some of these craters is seen to be strewed with huge 
blocks, and the exterior crossed by deep gullies radiating firom the 
centre. No reliable indication of any tietive volcano has ever been 
obtained ; although, Sir William Herschel, in 1787, asserted that he 
had seen three lunar volcanoes in actual operation. 

g. Are there People in the Moon 7 — ^This question has often been 
discussed, but idly ; since no positive evidence can be adduced on one 
side or the other. The distance of the moon is too great for us to 
detect any artificial structures, as buildings, walls, roads, etc., if there 
were any ; and certainly, without air or water, no animals such as 
inhabit our own planet could exist there. But the Almighty Creator 
can place animals and intelligent beings in any part of the universe, 
and accommodate them to the peculiar circumstances of their abode ; 
and it would perhaps be strange if He had left even our little satel- 
lite without an intcdligent witness of His infinite power and benefi- 
cence. 

IRREGULARITIES OF THE MOON'S MOTIONS. 

'-'^179. The attraction of the sun acting unequally on the 
moon in diflferent parts of its orbit gives rise to very many 
disturbances and irregularities in its motion ; so that it is a 
very difficult problem to calculate its exact place at any 
given time. 

Qxjssnoxs. — /. Physical condition of the inoon*s sur&ce ? g. Is the moon inhahited Y 
179. Lnnar irregularitie8->how caused ? 
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a. The son's attracling forca upon the moon acts directly in ocm- 
junction and opposition, bat, on acoonnt of the difference in the 
distance, is greater in the fonner position than in the latter ; while at 
the quadratures, it acts obUquely, thus giving rise to a yariety of dis- 
turbances, or pertu7i>aHons» 

b. The attraction of the sun upon the moon is abwltUelff more than 
twice as great as that of the earth ; but being yery nearly equal 
on both earth and moon, they move with regard to each other 
almost as if they were not attracted at all by the sun. If the attrac- 
tion of the sun upon the earth were suspended, the moon would 
abandon the earth, and either revolve around the sun, or move directly 
to it. As the distance of the earth and moon firom each other is so 
small relatively to their distance firom the sun (about ^f^), their mutual 
attractions are not much disturbed by the action of the sun ; but they 
are to some extent. Thus, in conjunction, the moon is attracted more 
than the earth, but in opposition, less ; so that the tendency of the 
sun's forc« is to pull them apart when in either of these positions. In 
the quadratures, however, the sun's force acts obliquely, and con- 
sequently tends to pull them together. Hence, we may say, the 
attraction of the earth upon the moon is diminished in the syzygiee, 
and increased in the quadratures. 

c. The following are the principal irregularities or inequalities to 
which the moon's motion is subject : (Those completed in short periods 
are called periodical; those that require very long periods for their 
completion are called seetdar.) 

1. Eveetion, which is the largest of these inequalities, is the variation 
in the moon's longitude, due to the action of the sun, above referred to. 
It depends upon the moon's angular distance from the sun, and the 
eccentricity of its orbit. By it the equation of the centre of the moon 
is diminished in syzygies and increased in quadratures. It may influ- 
ence the moon's longitude to the extent of 1° 2(y. This irregularity 
was discovered by Ptolemy. 

2. The variation, which also affects the longitude of the moon to 
the extent of dff. It arises from the disturbing force of the sun, act- 
ing upon the moon when in the octants, or points half-way between 
the syzygies and quadratures. This was discovered by Tycho Brahe, 

QvnsTtoNB.— ^r. How does the sun^s force act ? b. Its effect In sysyglet and quadra- 
tures? r. What is evection ? The yariation f 
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And tiras the first lunar inequality explained by Sir Isaac Newton by 
applying the law of gravitation. 

8. The annuai equation, which results from the varying velocity ol 
the earth in its orbit. It may affect the moon's longitude about 11'. 

4. The paraUaetic inequality, arising from variations in the disturb- 
ing force of the sun upon the moon according as the latter is in that 
pcurt of its orbit nearest to, or farthest from, the sun. It may affect the 
inoon's longitude to the extent of 2'. 

0, The eecvJtoT acceleration of the moon's mean motion, caused by 
the diminution of the eccentricity of the earth's orbit. At present it 
amounts to 10^, every 100 years, the periodic time of the moon being 
constaotly diminished to that extent. This was discovered by Halley 
in 1603, by comparing the periodic time of the moon, as deduced from 
Chaldean observations of edipees made at Babylon, 720 and 719 B.C., 
with Arabian observations made in the 8th and 9th centuries A.D. 
La . Place demonstrated its cause. At a very distant period, this 
inequality wUl, of course, be reversed, becoming a retardation instead 
of an acceleration. 

. d» Other irregularities have been discovered, caused by the disturb- 
ing action of Venus. These various inequalities constitute what is 
oalled the Lunar Theory ; and when they are all applied, the computed 
place of the moon shotdd precisely agree with the observed place. 

QuxmoirB.— The Mmnal equation f The parallactic inequality ? The Becular 
imtlon t d. What other ioeqiiAlitiee f The Loiuur Theeiy t 



CHAPTER X. 

ECLIPSES. 

— 180. An Eclipse* is the concealment or obscuration oif 
the disc of the sun or moon by an interception of the sun's 
rays. Eclipses are, therefore, either Solar or Lunar. 

_^ 181. A Solar Eclipse is caused by the passage of the 
moon between the earth and sun so as to conceal the sun 
from our view. 

^^^^182. A LuNAB Eclipse is caused by the paasage of the 
moon through the earth's shadow. 

^a. By a shadow is meant simplj the space from which the liglit of a 
lominoos body is whoUy intt^rcepted by the interposition of some 
opctquehoAj, Since light proceeds from a luminous body in -straight 
lines, and in all directions, the darkened space formed behind the 
earth or moon must be conical; that is, of the form of a cone, circular 
at the base and terminating at a point; since the sun or luminous 
body is larger than either of the opaque bodies. The shadow is some- 
times called by its Latin name, umbra, 
^.^h. Besides the totaUy darkened space called the un^a^ there is 
formed on each side a space from which the light is only partially 
exduded ; this is caUed the penu'inJbTa,\ The relations of the umbra 

* From the Greek word ekUiptUj which means sl fainting away. The ecliptic 
is so called because eclipses only take place when the moon is in its plane. 

fFrom the Latin word pen«, meaning almost, and wnbray meaning a 
ihadow. 

QmVTioMS.— 180. What is an eclipse f Of how many kinds? 181. How is a solar 
-eclipse caused? 183. A lunar eclipse? a. Howls a shadow defined? The fonnel 
fli« ssrth^s tr moon's shadow ? h. Define the terms umbra and jMnum^ra* ^- 
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to the penumbra' will be understood by inspecting the annexed diar 
gram (Fig. 84). 




SOLAS AKD LUKAB BCLIP8B 



' 183. If the moon moved exactly in the plane of the 
earth^s orbit, a solar eclipse would occur at every new moon, 
and a lunar eclipse at every full moon ; but as the moon's 
orbit is inclined to that of the earth, an echpse can only 
happen when the moon is at or near one of its nodes. 

a. When the moon is new or full at a considerable distance from 
its node, it is too far above or too far below the plane of the ecliptic to 
intercept the sun's rays from the earth, or to pasiB within the limits of 
the earth's shadow. It will be easily understood that no eclipse can 
occur unless the sun, earth, and moon are situated exactly or nearly 
in the same straight line. [See Fig. 84.] 

h. The limit north or south of the ecliptic within which an eclipse 
must occur is larger in the case of solar than in the case of lunar 
eclipses. In the former it varies from 1° 85' to 1° 24' ; in the latter, 
from eS' to 52'. 

QxTSSTiova — ^ISS. Where muit the moon be when an eelipoe occurs ? a, Hoir ';x- 
pUined? b. What is the limit In latitade for solar and lanar eclipses? Explain and 
damonstrate each by Fig. 8S. 
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Fiff. 85. 




To explain how this Is found, let S be the centre of the sun, and O the 
centre of the earth, S O £ being the plane of the ecliptic ; let also P be 
the position of the moon at the limit for a solar eclipse, and y,itB position 
for a lunar eclipse. The angular distance of the moon^s centre from the 
ecliptic in each case is the limit required ; S O m is that angle for the for- 
mer, and « O E, for the latter. Now, S O m is equal to S O B+,P O w + 
BOP; and 8 O B is the apparent semi-diameter of the sun, and P O m is 
that of the moon. But, O P C, being exterior to the triangle B O P, is 
equal to the sum of the two interior angles O B P and BOP, and hence 
BOP is equal to O P C— O B C, or the moon's horizontal parallax 
inimu that of the sun. Therefore, the solar limit in latitude is equal to the 
mm of the apparent semi-diamieters of the fun and moon increased by the differ- 
ence between the horizontal parallax of each ; or 16i' + 162' + 1* 2' = 1 "» a5', when 
greatest (omitting the sun's parallax, which is very small); and 15^+141' 
+53i'- l** 24', when least. Hence, when the moon's latitude at the time 
of inferior conjunction does not exceed the former, an eclipse may occur ; 
when it does not exceed the latter, an eclipse must occur. 

The angle of limit for a lunar eclipse is n O E, obviously less than S Om. 
It is composed of the angle n O V, or the apparent semi-diameter of the 
moon, and the angle V O E, or the angle subtended by one-half of the 
diameter of the shadow, where the moon traverses it. Now^ V E = O V D 
-OEV, and OEV=AOS-OAD; hence VOE = OVD + OAD 
— A O S. But O V D is the moon's horizontal parallax, A D is that of 
the sun, and A O S is the sun's apparent semi-diameter. Consequently, 
n O E, or the lunar limit in latitude, is equal to the mm of the horizontal 
parallax of the sun and moon^ diminished by the «<«'« apparent semi-diameter^ 
and increased by that qf the moon. That is, 62'--15|'+16|' = 63',when 
greatest ; and 58^ — 16i' +14f ' = 53', when least. These calculations, being 
made only for illostration, are but approximatively correct. 

^ 184. The distance in longitude, either side of the node, 

QccsTiON.~i84. What is meant by .the ecliptic limit? 
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within which an eclipse can occur, is called the Ecliptic 
Limit. 
_ 185. The solar ecliptic limit extends about 17° on each 
side of the node ; the lunar ecliptic limit, about 11°. 

a. This difference follows from the difference in the limits in lati- 
tude, the ecliptic limits in longitude being computed frt>m those in 
latitude. 

Pig 8a For in Fig. 86, let B N be 

a portion of the ecliptic, 
A N, a part of the moon^s 
orbit, N, the node, A B, the 
solar limit in latitude and 
C D, the lunar. It will be 
at once apparent that since 
A B is greater than C D, it 
must be farther from the node. To calculate the exact amount, there are 
given, in the right-angled triangle A N B, the angle at N = 5^** ; the side 
A B or C D, and the right angle at B, to find the side B N or D N, which 
can easily be done by the higher mathematics. 

6. Since the limits in latitude vary, those in longitude also vary, 
the amount given above being the mean. The greatest solar ecliptic 
limit is 18' 30' ; and the least, 15° 20' ; the greatest lunar ecHptic limit 
is 12" 24' ; and the least, 9° 23'. Within the former, an ecUpse may 
happen ; within the latter, it must. 

Fig. 87. 







PATH OF TinE Smf OB068SD BT THAT OF THB MOON. 

Fig. 87 illustrates the relative position of the sun and moon's orbits, 
with respect to the ecliptic limits. In the centre the moon is exactly at the 
ascending node ; while at the extremes, it is at the limits both in latitude 
and longitude. Except at the node, the moon, it will be apparent, only 
partially covers the disc of the sun, within the limits on each side. 

QursTioNs.— 185. What is the extent of the solar and lunar ecUptic limits? a. Why 
do they diflfer ? 6. Why is each not always the same ? 
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— 186. Since the solar ecliptic limits are wider than the 
lunar, eclipses of the sun are more frequent than those of 
the moon. 

187. The greatest number of eclipses that can happen in 
a year is seven ; five of the sun and two of the moon, or four 
of the sun and three of the moon. The least number is 
two, both of which must be of the sun. 

a. The usual number is four, and it is rare to have more than six. 
From the above statement, it wiU be seen that the greatest number of 
solar eclipses is five, and the least two ; and that the greatest number 
of lunar eclipses is three, while none at all may occur during the year. 

b* Number of Solar Eclipses.— Since the sun crosses the line of 
nodes twice each year, and his monthly progress in the ecliptic is about 
29*, while a solar eclipse must occur if the moon is within 15° 3(y of 
either node, or within a space of 30" 40', there must evidently be a 
solar eclipse each time the sun passes the node, or twice each year. 
Now, if the sun, at the time of new moon is 18° west of the node, it 
may be eclipsed (Art. 185, b)\ and if it were, there would be another 
eclipse at the next new moon, for the s\m would have advanced less 
than 11° east of the node. Again, in six lunations from the first new 
moon referred to, the sun would have advanced 174°, and consequently 
would be 174°— 18°, or 156° east of one node, and 24° west of the 
other ; but the node is itself moving to the west about 1^° every luna- 
tion ; and hence, the sun would be only 24° — 9°, or 15", from the 
node, so that a third eclipse would take place; and after another 
lunation, a fourth, since the sun would then be less than 15° from the 
node. Now, owing to the retrogradation of the nodes, the sun passes 
from one to the same again in 346 days ; and hence, if it passed one at 
the beginning of the year, it would pass it again toward the end of 
the year, and there would be three passages of a node in that time ; 
so that if four eclipses had previously taken place, there might be still 
another toward the end of the year, ma^mgfive in all. 

c» Number of Lunar Eclipses. — As the space on each side of the 
node, within which a lunar eclipse must occur, is only about 9^°, or 19° 



QUKBTIONB.— 186. What eelipses are more frequent? Why? 187. What is the 
greatest number of eclipaea in a year? The least? a. The usual number? How 
many solar eclipses may happen ? Lunar eclipses? h. How is this proved in respect 
to solar edipses ? c. Lunar eclipses ? 
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on both Bides, it jb obvioiu that there might be no lunar eclipte during 
the year ; bat, sinoe an eclipse fna/y occur within a space of 25"* (12° 24' 
on each side of the node), it follows that one lunar eclipse may occur 
at each passage of the sun, or three during the year. But three lunar 
edipses can not be preceded by five solar eclipses in the same year ; for 
two solar eclipses can not take place at each node, unless, at the first one, 
the sun is at least about 15** west of the node, so that there would not 
be enough space at the end of the year for both a solar and a lunar 
eclipse. 

' 188. Solar eclipses do not actually occur as often as lunar 
eclipses at any particular place ; because the latter are always 
visible to an entire hemisphere, whereas the former are only 
visible to that part of the earth's surface covered by the 
moon's shadow or its penumbra. 

a* That the moon, in a lunar eclipse, is concealed from an entire 
hemisphere, wiU be obvious from the fact that the diameter of the 
earth's shadow where the moon crosses it is always more than twice as 
great as the diameter of the moon, and is sometimes nearly three times 
as great. For the angle VOW (Pig. 86) is equal to the sum of the hori 
zontal parallax of the sun and moon, diminished by the apparent semi 
diameter of the sun (1S3, b). The greatest parallax of the moon is about 
62', and the least, 53i' ; and the least apparent semi-diameter 'of the 
the sun is 15|', and the greatest, 16i' ; hence, the angle V O W is, 
when greatest, 44i' (omitting the sun's parallax) ; and when least, 37V ; 
the mean being about 40}'. As this is the angular value of the semi- 
diameter of the shadow, it must be doubled for the whole, which 
therefore is, when greatest, 88i' ; least, 74i' ; mean, 81i'. Hence, 
as the moon's apparent diameter is, when greatest, 83i' ; least, 29^' ; 
mean, 31^', the truth of the above statement will be apparent. 

&. Length of the Earth's Shadow. — ^This can be readily found by 
comparing the triangles A S E and DEO (Fig. 86), which being both 
right-angled triangles, and having all their angles respectively 
equal, have, by a principle of geometry, proportional eddes ; so that 
AS:DO::SE:OE. But D 0, the semi-diameter of the earth, is about 
-iij of AS, the semi-diameter of the sun; hence OB, the length of 

QuiEsnoNS.— 188. What eclipses are the more ftreqnent at anyplace? Why? a. 
Why is the moon concealed from an on tire hemisphere ? b. What is the length of the 
earth*s shadoir ? How demonstrated ? 
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« 
the shadow, must be ri 7 of S B ; and therefore, S must be Hf of the 
whole distance SB, and, of course, SB, JSJ of SO; but OB, the 
lengthof the shadow, is equal to SB — SO; hence it is equal to yi^ of 
S 0, or the distance of the earth from the sun. Therefore its greatest 
length is about 877,000 miles, and its least, 850.000 miles ; that is, at 
its mean length, a little more than the diameter of the sun. 

Pig. 88 




c. Length of the Moon's Shadow. — This can be found by a similar 
calculation. Let S (Fig. 88) be the centre of the sun, and O, that of the 
moon ; P will then be the end of the shadow, and P its length ; and, 

•inthetrianglesASPandOMP,AS:MO::SP:OP. Now, MO is 
about niT of A S ; hence OP is ^^ of SP,and SO, 5§} of S P ; or SP, 
m of S O ; therefore P is ai j of S O, the distance of the moon from the 
sun. Now, the moon's distance from the earth varies between 252,000 
miles and 226,000 miles; and the earth's distance from the sun, 
between 93 millions and 90 millions ; hence, at the mean distance of 
the earth and moon, the length of the shadow is about 232,000 miles, 
or 6,000 miles from the earth's centre, and 2,000 miles from its surface. 
When the earth is in aphelion and the moon in perigee, it extends 
about 10,000 miles beyond the earth's centre, or 14,000 miles from the 
surface a b, which is the maximum. When the earth is in perihelion 
and the moon in apogee, the shadow is about 228,000 miles long, 
while the moon is 252,000 miles from the earth's centre ; so that it 
fails to reach the surface of the earth by 20,000 miles. 

d. Breadth of the Moon's Shadow. — When the end o& the 
shadow extends to the greatest distance beyond the earth's centre, the 
amount of surface covered by it is the greatest possible. Let a b (Fig. 
88) be the diameter of the shadow where it intersects the earth ; and 

QuEsnoxs. — c. The length of the moon's sha4ow? IIow demonBtrated ? rf. How 
much of the earth's surface may be obscured by the moon's shadow? How proved ? 
How much by the moon*s penumbra ? 
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sinoe it is a very small are, we may find its approximate length by con- 
sidering it a straigbt line. We sliall then have, by comparing the 
triangleB,AP :aP ; :AS:iab; but a P is 14,000 miles (183 c),andAPia 
98,014,000 miles. Hence, 98,014,000 : 14,000 : : 436,000 : ia6 =64mile8-f . 
Therefore aft, or the breadth of the shadow where it intersects the 
earth is abont 128 miles. T/ie breadth of the portion of the earth's 
surface covered by the shadow is, really, V 54', or 130 miles. This is the 
maximum. The breadth of the greatest portion of the earth's surface 
ever covered by the moon's penumbra is 70° 17', or 4,850 miles. 

^^189. When the whole of the sun's or moon's disc is con- 
cealed, the eclipse is said to be total; when only a part of 
it is concealed, it is said to be partial. 

190. In order to measure the extent of the eclipse, the 
apparent diameters of the sun and moon are divided into 
twelve equal parts, called digits, 

Fis. 80. 




▲ PAinAL BCLIPBK OF THX SUN.AKD IfOOM. 

a. The conditions of a total and a partial eclipse will be apparent 
from the explanations already given. When the centres of the sun 
and moon coincide, that is, when the latter is exactly at the node, the 
eclipse is said to be central. A central eclipse of the moon must, of 
course, be total ; but a solar eclipse may be central without being 
total ; since sometimes, as it has been demonstrated, the shadow of the 
moon does not reach the earth. The moon, when this is the case, covers 



Questions.— 189. When is an eclipse total? When partial? 190. What are digits? 
a. What is a central eclipse ? 
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only the central part of the son's disc, leaving a ring of luminous sur- 
face visible around the opaque body. Tliis is called an anniUar* 



191. An ANNULAR ECLIPSE is an eclipse of the sun, which 
happens when the moon is too far from the earth to conceal 
the whole of the sun's disc, leaving a bright ring around the 
dark body of the moon. 

— 192. The time at which an eclipse will occur may be dis- 
covered by finding the mean longitudes of the sun and node 
at each new or full moon throughout the year, and compar- 
ing the diflference of the longitudes with the ecliptic limits. 

FiT- oo. 




AN ANKULAB ECLIP8K. 



a. Cycle of Eclipses. — Eclipses of both the sun and moon recur 
in nearly the same order, and at the same intervals, after the expiration 
of 18 years and 10 or 11 days (according as there may be 5 or 4 leai)- 
years in this period). For a lunation is about 39.53 days, and the time 
of a revolution of the sun with respect to the node, 346.62 days, which 
periods are nearly in the ratio of 19 to 323 ; so that 223 lunations are 
almost equal to 19 revolutions of the sim ; and 29.53 days X 19= 18^ 
llj** . This is called the cycle or period of ecUpfies. The eclipses wliicli 
occur during one such period being noted, subsequent eclipses ma.v 
easily be predicted ; as their order is the same, only they are 10 or 1 1 
days later in the month, and about eight hours later in the day ; so 



* From the I>atin word antiulus, meaning: ^ ring. 



QuFBTiONS. — 191. What is an annular eclipse ? How caused? 192. How to predict an 
eclipse ? a. What ia the cycle of eclipses ? How calculated ? How named by the Chaldeans ? 
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that in one cycle eclipses may be visible, and in the next invisible, to a 
particolar place. Daring this period there are generally 41 solar and 
29 lunar eclipses. This cycle was known to the andent Egyptians 
and Chaldeans, and called by them 8aro^ 

^ 193. The phenomena connected with a total eclipse of the 
sun are of a peculiarly interesting character, and have been 
observed by astronomers with great attention and industry. 

a« To an ignorant mind, this occurrence must be the occasion of 
very great awe, if not actual terror. A universal gloom overspreads 
the iiace of the earth as the great luminary of day appears to be ex- 
piring in the sky ; the stars and planets become visible, and the animal 
creation g^ve signs of terror at the dismal and alarming aspect of 
nature. Armies about to engage in battle have thrown down their 
arms and fled in dismay from the seeming anger of heaven. This was 
the case at the eclipse predicted by Thales, whic!i occurred on the eve 
of the battle between the Modes and Lydians, 584 B.C. 

bm Phenomena of a Solar Eclipse. — ^The foUowing are the most 
interesting of the phenomena presented during a total eclipse of the 
sun:— 

1. 2%« change of eohr in the sky from its ordinary blue or azure 
tinge to a dusky, livid color intermixed with purple. Kepler men- 
tions that during the solar eclipse in 1590, the reapers in Styria noticed 
that every thing had a yellowish tinge. The darkness is not, however, 
total, but sufficiently great to prevent persons' reading. 

2. The corona, or halo of light which appears to surround the moon 
while it covers the disc of the sun. This is, at the present time, sup- 
posed to be caused by the atmosphere of tlie sun. 

8. When the moon has almost covered the disc of the sun, leaving 
only a line of light at the edge, this line is broken up into small por- 
tions, so as to appear like a band of brilliant points. This phenomenon 
is called BaUffe heads, from Mr. Francis Baily, who was the first to 
describe it minutely, in 1836. This is supposed to be caused by the 
irregularities of the moon's surface, serrating its dark edge, and pro- 
jected on the sun's brilliant disc. 

4. Pink or rose-colored protuberances which project from the margin 
of the moon's disc when the obscuration is total. One measured by 

QuiSTiOKS. — 198. The phenomena connected with a total eclipse ? o. Effect on igno- 
rant minds? b. State the moat interesting phenomena presented by a solar eclipae? 
Tb« corona? Baily* s beads? Rose-colored protaberanoes ? Explain the cause of each. 
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De La Rue, in 1860, was found to be at least 44,000 miles in vertical 
height above the sun's surface. They have been seen by most observ- 
ers. No entirely satisfactory cause has been assigned for these 
appearances, although it seems to be settled that their origin is in 
the sun and not the moon ; and it is thought by some that they are 
clouds floating in the atmosphere of the sun, their peculiar color being 
caused by the absorption of the other colors, as sometimes occurs in 
the case of clouds in our own atmosphere. 

e. Appearance of a Lunar Eclipse.— In a total lunar eclipse, the 
moon does not become wholly invisible, but assumes a dull, reddish 
hue, which arises from the refraction of the sun's rays by the earth's 
atmosphere. The red color is caused by the absorption of the blue 
rays in passing through the atmosphere, just as the western sky as- 
sumes a ruddy hue when illuminated in the evening by the solar light. 
Sometimes, however, it happens that the moon is rendered very nearly 
invisible, as was the case in 1642 and 1816 ; and the degree of distinct- 
ness of the moon's appearance varies considerably at difierent times, 
owing to the different conditions of the atmosphere. 

d. earliest Observations of Limar Eclipses.— These were made 
by the Chaldeans,— the first recorded eclipse having taken place in 720 
RC. This eclipse was total at Babylon, and occurred about 9i o'clock 
P.M. The record of the occurrence of edipsea is often very useful in 
fixing the dates of history. 

_. 194. An OccuLTATiON is the concealment of a planet or 
star by the interposition of the moon or some other body. 

The occultation of a planet or star by the moon is a very interesting 
and beautiful phenomenon. From new moon to full moon, she 
advances eastward with the dark edge foremost, so that the occulted 
body disappears at the dark edge and re-appears at the enlightened 
edge. In the other part of her orbit this is reversed. The former 
phenomenon is of course the more striking, the stco: or planet appear- 
ing to be extinguished of itself. 

Qni!sno:«8.— «. Describe the appearance of a lunar eclipsa d. Earliest obsenrations 
—by whom made ? 194. What is an occultation f 



CHAPTER XI, 



THE TIDES. 

,195. Tides are the alternate rising and falling of the 
water in the ocean^ bays, rivers, etc., occurring twice in about 
tweniy-five hours. 

^ 196. Flood Tide is the rising of the water, and at its 
highest point is called high water. Ebb Tide is the falling 
of the water, and at its lowest point is called loio water. 

197. The tides are caused by the unequal attraction of the 
sun and moon upon the opposite sides of the earth. 

a. Since the attraction of giavitation varies inversely a« the square 
of the distance, the soi^and moon most attract tlie water on the side 
nearest to them more than the solid mass of the earth ; while on tlio 
side farthest from them, the water most be attracted less than the 
solid earth ; hence, there must be a tendency in the water to rise at 
each of these points ; it being drawn away from the earth at the point 
toward the sun or moon, and the earth being drawn away from it at 
the other point. At the points 90° from these, the effect of the attrac- 
tion is just the reverse ; for since it does not act in parallel lines, it 
tends to draw together the two sides of the earth, and thus compresses 
the water so as to cause it to recede, and hence increases its tendency to 
rise at the other points. 

Thus at A (Fig. 91) the water is attracted by the sun more than the 
earth, and at B less ; while at C and D the attraction squeezes in the water, 
as it were, so as to malie it recede still more, and thus to augment its rising 
at A and B. It will be obvious that the attraction of the moon acts so as to 
disturb the water just as that of the sun does ; hence, in the position repre- 

QuxsTiONS.— 195. What are tides? 196. What U flood tide? Ebbtide? 197. How 
are the tides caaaed ? a. How many poiut« of the earth's sarface are affected simul- 
taneonaly? How is this explained ? 
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sented in the diagram, T7hen the moon is in opposition, the action of both the 
sun and moon is exerted upon the same points, A, B and C, D ; and it wili 
also be obvious that if the moon were in conjanction, that is, on the samt 
side of the earth as the snn, the effect would be the same, because the 
same points would be acted upon. 

Pi«. 91. 



\ 



t 



y 




b. From the above explanation, it will be apxMorent that similar 
tides must occur simultaneous! j on opposite sides of the earth ; namelj, 
flood tides on the side turned toward and that turned from the sun or 
moon, and ebb tides at the two points 00° distant. 

,^- 198. Since the moon is so much nearer to the earth than 
the sun is, its attraction on the opposite sides is much more 
unequal, and consequently its disturbing action is greater. 
At the mean distance of the sun and moon from the earth, 
the disturbing or tidal force of the moon is about 2| times 
that of the sun. 

a. Considering the moon's mean distance from the centre of the 
earth 238,000 miles, and the earth's diameter 8,000 miles, the moon 
must attract the side of the earth nearest to her more than the oppo- 
site side in the ratio of (234,000y to (242,000)« ; that is, as 1 to 1.07 
(nearly). Hence, the moon's disturbing force is .07 of her own attrac- 
tion. Taking the sun's mean distance from the earth's centre at 
91,500,000 miles, the ratio of his different attractions will be aa 
(91,496,000)« to (91,504,000)5, or as 1 to 1.000175 ^nearly) ; that is, the 
sun's disturbing force is equal to .000175 of his own attraction. 

QlTESTiows.— 6. What tides occur simultaneously? 198. How does the moon*8 tidal 
force compare with the sua*! ? c». By what calcolation is this prored ? 
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Now, the mass of the sun is about 25,300,000 times that of the moon 

25,200,000 
[316,000 X 80], audits distance, 385 times as great ; hence, ~7^5^~ = 

170 (nearly) will be the force of the sun upon the earth, the moon's 
being 1 ; in other words, the sun's attraction on the earth is to the 
moon's as 170 to 1. Henc3, 170 X .000175, which is equal to .02975, is 
the sun's disturbing force, while the moon's, as above shown, is .07 ; 
and therefore the farmer is to the latter as .02975 to .07, or as 1 to 2^. 
This calculation being designed merely to illustrate the principle, is 
made with only approximate accuracy, but gives the true result as 
found by the higher mathematics. Sir Isaac Newton computed this 
ratio as 23 to 58, or 1 to 2^, by calculations based upon the observed 
diffarences of the height of spring and neap tides. 

6. In the above calculation, the moon's mass is supposed to be 
known, and is made use of to determine the relative forces of the sun 
and moon ; but, practically, the problem is reversed, the comparative 
disturbance of the two bodies being deduced by observations of the 
tides themselves, and then employed to determine the moon's mas& 

^199. When the sun and moon are on the same or oppo- 
site sides of the earth, they unite their attractions, and thus 
raise the highest flood tides at the points under or opposite 
them and the lowest ebb tides at the points 90° from these. 
Such tides are called spring tides ; and they occur at every 
new and full moon, or a short time afterward. 
^^ 200. When the moon is in quadrature, -its tidal force is 
partly ounteracted by that of the sun, since the two 
forces act at right angles with each other; and conse- 
quently the water neither rises so high at flood, nor descends 
so low at ebb tide. Such tides are called neap tides ; they 
occur when the moon is in either of the quarters. 

Fig. 92 represents neap tide. The effect of the sun at A and B, and of 
the moon at C and D, is to equalize the height of the water all over the 
.earth. The pupU must understand in inspecting these diagrams, that the 
actual effect of the sun or moon Is not, by any means, so great as is repre- 



QuESTiONB. — h. Practically, la this computed from the moon* 8 mass? 199. What are 
spring tides? How caused? 200. What are ueip tides? How caused? When do 
spring and neap tides occur ? 
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sented. It is, in &ct, but a few feet, while the earth's diameter is nearly 
8,000 miles. 

Fig. 92. 




a. Since the tidal force of the moon is so mach greater than that of 
the sun, it is the passage of the former across the meridian that deter- 
mines the rising of the tide at any place, this lunar tide being either 
augmented or diminished by the inferior tidal force of the sun. 

b» The tides not only vary according to the position of the moon 
with r^ard to the sun, but are sensibly affected by the variations in 
the distance of the moon from the earth, increasing and diminishing 
inversely with it, but in a more rapid ratio. 

r. The height of the spring tides is to that of the neap tides, gen- 
erally, as 2i to 1. For spring tide is the result of the sum of the 
moon and sun's forces, or 24 -+- 1 = Si ; and neap tide, the result of 
the difference, or 2i — 1 = 1 J ; and 3 J : li : : 2i : 1. This varies at 
diffsrent places ; at Brest, in France, the spring tidearise to the height 
of over 19 feet, and the neap tides about 9 feet. On the Atlantic coast 
of the United States, the height of the former is to that of the latter 
as 3 to 2. 

dm The hijjhest tides, therefore, occur durin<; the day in summer, and 
daring the night in winter. This is true of both hemispheres. 

This will be apparent from an inspection of Fig. 91. The greatest tidal 

QtJSBTiOKS.— fv. What determines the rising of the tide at any place ? h. What 
addidonal cause of yariation in the tides ? r. How does the' height of spring tides 
compare with that of neap tides ? d . What difference between the diurnal and noctor* 
nal tides? Why? 



146 THE TIDES. 

elevation of the water is of course at A and B, and diminishes north and 
* south of these points. At a the elevation of the water is obviously greater 
than at b ; but a is the position of a place in the northern hemisphere, at 
noon, and in summer, since the axis is turned toward the sun, and &, its 
position at midnight ; so that the tide is higher during the day than during 
the night, in this season. Conceive the axis turned the other way, and it 
will be at once seen that the reverse is true in winter. 

€• The height of the tide, therefore, yaries with the declinations of 
the son and moon, being greater in proportion as the two bodies are 
near the equator. If at the time of the equinoxes the moon happens to 
be near the equator, the tides are the highest of all, and are called the 
Equinoctial Spring Tides, 

201. The tides do not rise at the same hour every day, but 
/^generally about 50 minutes later; because, a^ the moon 
advances in her orbit, the same place on the earth's surface 
does not come again under the moon until about 50 min- 
utes later than on the previous day. 

a. The interval which elapses from the moon's passing the merid- 
ian of a place until it returns to the same again is 24)" 50"* 28* ; the 
interval, therefore, between two successive tides is 12'* 25" 14». This 
is not, however, always the true interval, from circumstances which 
will be explained hereafter. 

/^ 202. The tide does not generally rise until two or three 
hours after the moon has passed the meridian ; because, on 
account of its inertia, the water does not immediately yield 
to the action of the sun or moon. 

a» By iricrtia is meant the resistance which matter of every kind 
makes to a change of state, whether of rest or motion ; that is, it can not 
put itself in motion, neither can it stop itself. The tides are not only 
retarded by inertia, but, to some extent, by the friction on the bed of 
the ocean or the sea, or the sides of rivers and confined channels. 

b. Solar and Lunar Tide Waves. — The solar tide wave is more 
retarded than the lunar, since the tidal force of the sun is so much 

Questions.-— <*. Equinoctial spring tides f 201. Why do the tides rise later from daj 
to day? 202. Why are the tides behind the moon ? a. Inertia ? b. Which tide wave* 
are more retarded, the solar or lunar? What is meant by the priming and laggiiig of 
the tides? 
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feebler than that of the moon. The general retardation of the tides 
depends on the relative potUian of the solar and lunar tide waives. At 
new and full moon the solar tide wave, being more retarded, is east of 
the lonar ; and, therefore, high water, which results from the onion of 
the two waves, must be east of the place it would have been if the 
moon had acted alone ; and hence, on this account, the tide will rise 
later. When, however, the moon is in either of the quarters, the 
solar tide wave is west of the lunar, and the tide rises earlier. This is 
called the priming and lagging of the tides; since it either shortens or 
lengthens the tidal day of 24^ 50"* 28" . The highest spring tide rises 
when the moon passes the meridian about l^i* after the sun ; for then 
the two tide waves immediately coincide 

Cm These tide waves are not to be conceived as currents movin{^ pro- 
grearively through the ocean, but as undulations rising nearly under 
the sun and moon, and, as the earth turns on its axis, moving westward 
over its snr&ce, at the same rate. This would be the case exactly, and 
at all parts of the earth, if it were uniformly covered with water, so 
that the great tide wave could move without any obstruction from oppos- 
ing shores. In the open ocean it constantly follows the moon at the 
distance of aboat 30^ from her ; bat the time at which the tide rises varies 
at different places, owing to peculiarities of situation. Lines drawn on the 
map or globe through all the adjacent places which have liigh water at the 
same time are called cotidal lines. 

iU The average interval of time between noon and the time of liigh 
water at any port on the days of new and full moon, is called the 
establishment of the port. The mean establishment of New York is 
about 8 J hours ; of Boston, Hi hours , of San Francisco, 12i houra 

^203. The tides that occur in nvers, narrow bays, or other 
bodies of water at a distance from the ocean, are not caused 
by the immediate action of the sun and moon, but arise from 
the undulations of the great ocean tide wave, urging the 
water into these contracted inlets. The tides of the ocean 
are called primitive tides ; those of rivers, inlets, etc., are 
called derivative tides, 

QDnTiONB.-e. Do the tides rise at the same time at aU places? Why not? 2:3 
What are primitiye tides ? Deriyatiye tides ? 
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204. The average height of the tide for the whole globe 'is 
about 21 feet ; and this is the height to which it rises in the 
ocean. The height, however, at any particular place de- 
pends upon its situation; the highest tides occurring in 
narrow bays, and arms of the sea ininning up into the land. 
Lakes have no perceptible tides. 

a* The highest tides in the world take place in the Bay of Fundj, 
the mouth of which is exposed to the great Atlantic tide wave. At 
the head of the bay the ordinary spring tides rise to the height of 50 
feet, while special tides have been known to rise as high as 70 feet. 
In New York, the height of the tide is, at its maximum, about 8 feet ; 
in Boston, 11 feet. On the other hand, at some places there is scarcely 
any tide at all. An instance of this is found at a point on the south' 
eastern coast of Ireland, the tide stream being diverted to the opposite 
shore by a promontory at the entrance of St. George's Channel. 

b. Velocity of the Tide- Wave.— This is affected by various cir 
cumstances ; such as the depth of the water, the obstructions from 
opposing shores, etc. The moon tends to draw the water along with 
it at the rate of 1,000 miles an hour at the equator ; but the actual 
rate of movement is much less rapid. The tide wave requires about 
40 hours to reach the Atlantic coast from the south-eastern Pacific, 
where it originates, traversing the Pacific, Indian, and South Atlantic 
oceana When it strikes the shallow waters of the coast its velocity is 
greatly diminished, not exceeding, sometimes, 50 miles an hour. Its 
breadth is, of course, diminished with its velocity. At a velocity of 
600 miles an hour, its breadth would be over 7,000 miles ; but when 
the velocity is reduced to 100 miles an hour, its breadth is only about 
1200 miles. 

c. Atmospheric Tides.— The same causes that act to disturb the 
ocean must also produce similar disturbances in the atmosphere. The 
atmospheric tides, however, have been demonstrated by Laplace to 
be very inconsiderable in height, not exceeding, at Paris, one-thou- 
sandth of an inch, — an amount far too small to be indicated by 
ordinary observations with the barometer. 



QuKSTiONB.— 204. What is the average height of the water for the whole globe ? On 
what does the height at particular places depend? a. Where are the higheii* "ides? 
Why i &. Velocity of the tide wave f c. Atmospheric tides ? 



CHAPTER XII. 

THE INFERIOR PLANETS. 
I. MERCURY. ^ 

— 205. Mercury is remarkable for its small size, its swift 
motion, and the great inclination and eccentricity of its 
orbit It is, as far as is positively known, the nearest planet 
to the sun. 

^ a* Name and Sign. — ^Tbis planet probably derived its name from 
the swiftness of its motion, Mercury being, in the heathen mythology, 
the "messenger of the gods." The sign o is supposed to represent 
the caduecuB, or wand, which the god is always seen, in the pictures 
of him, to carry in his hand. 

^^^ b» Vulcan. — ^Reference is made in Art. 16 to a planet supposed by 
some to exist between Mercury and the sun ; the following are the cir- 
cumstances connected with its supposed discovery : — On the 26th of 
March, 1859, a small dark body was seen to pass over a portion of the 
fiun'sdisc, by M. Lescarbault, a French physician, but an amateur of as- 
tronomy ; and this appeared to him to indicate the existence of a planet 
whose orbit must be included within that of Mercury. From the 
observations which he made with his rude instruments, he calculated 
its period at about 20 days ; its distance, 14,000,000 miles ; and the 
inclination of its orbit, about 12''. On publishing this fact, the cele- 
brated French astronomer and mathematician, Leverrier, visited him, 
and after closely questioning him as to Ms means and method of 
observation, was completely satisfied of the truth of his statements. 
Singular to say, however, no other observer has been able to detect 
any indications of such a planet ; but, on the contrary, M. Liais, an 

QirsBTioKi.— 206. For what is Mercaiy remarkable? a* Ite name and si^? 6. 
Supposed diBCOverf of VuIchii/ 
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astronomer of skill and experience, who happened to he engaged in 
observations of the sun, at Rio Janeiro, at the identical moment of M. 
Lescarbault's alleged discovery, asserted pocdtivelj that no planetary 
object was visible at that time. The existence of any planet inferior 
to Mercury is therefore considered very doubtful. 

" 206. Mercury and Venus are knowu to be inferior planets, 

1. Because their greatest elongation is always less than 90** ; 

2. Because they exhibit all the different phases which are 
presented by the moon ; and, 3. Because they are seen, at 
the time of a transit, to pass across the sun's disc. 

^ ct. A superior planet also exhibits phases, but it must always show 
more than half the disc , that is, it must present the full or gibbous form. 
An inferior planet, however, in passing between the points of extreme 
elongation, presents the crescent form, and, in inferior conjunction, 
either totally disappears or is projected, in the form of a small round 
black spot, upon the disc of the sun. 

207. The greatest angular distance of an inferior planet 
from the sun, during any single revolution, is called its 
extreme elongation. The greatest extreme elongation of 
Mercury is 28|° ; the least, 18°. 

a. This large variation in the extreme elongation is an indication 
that Mercury revolves in an orbit of considerable ellipticity, since 
this angle dejiends upon the relative distances of Mercury and the 
earth from the sun. It must be greatest when the earth is in perihe- 
lion and Mercury in aphelion, and least when the earth is in aphelion 
and Mercury in periheUon ; while the mean distance of each would 
give the mean value of this element. 

In Fiff 93 let S be the sun, E, the earth, and M, Mercury at the point of 
extreme elongation, M E being tangent to the orbit, and S M E a right 
angle. It will be obvious that M E S, the angle of extreme elongation, 
will be at its maximum when S E is the shortest and S M the longest ; and 
at its minimum when these are reversed ; because its size depends upon 



Questions.— 206. How are Mercury and Venus known to be inferior planets? a. 
What phases do the inferior and superior planets present ? 207. Extreme elongation * 
What is it in the case of Mercury? a. Why so variable? Give the calcnlation firom 
^Jie diagram. 
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the ratio of S M to S E, being grcateet when Fi«^93. 

the ratio is greatest. The perihelion dis- 
tance of the earth is about 90,000,000 miles, 
the aphelion distance of Mercury is about 
42,600,000 miles. For these values the ratio 
of 8 M to S E would be about .478 ; and the 
angle corresponding to this is 28*> 15^. The 
least ratio of these lines is .3, and hence, the 
least angle, 18^ ; while the mean ratio is .887 
(nearly), indicating an angle of 32« 47', 
which is therefore the mean value of this 
element. 

^ 208. The aphelion distance of Mercury from the sun is 
about 42,600,000 miles ; its perihelion distance, 28,100,000 
milSs ; and its mean distance, therefore, nearly 35,400,000 
miles. 

a. The Distance Calculated. — The distance of an inferior planet 
can be determined by its extreme elongation ; for (Fig. 93) S M is 
equal to S E multiplied by the sine of the angle S £ M. Now, if the 
angle is 28'' 15', its sine (or ratio of S M to S E) wm be .473, and hence, 
taking the perihelion distance of the earth, 90,000,000 X 473 = 
42,600,000, which is the aphelion distance of Mercury. 

6. The mean distance of any planet from the sun can be calculated 
hj Kepler's third law, when we know the sidereal period. In the case 
of Mercury, this is very nearly 88 days ; and hence, as the squares of 
the periodic times are in proportion to thecvJbes of the mean distances^ 
(365i)» :(88)* : : (91,500,000)' : the cube of the mean distance of Mercury, 
which, if the proportion be worked out and the cube root extracted, 
will give 35,400,000 (nearly) ; and this is the true value of this ele- 
ment. [If the pupil is sufficiently advanced, it will be well for the 
teacher to show how this calculation may be fiwiilitated by employing 
a table of conmion logarithms.] 

c. The difference between the aphelion and perihelion distances of 
Mercury, it wiU be seen, is 14,500,000 ; hence its eccentricity is 7,250,- 
000 miles, which is nearly .205 of its mean distance, or about 12 times 
as great as that of the earth. 

QuiwTiovs.— 206. What are the aphelion, perihelion, and mean distances of Mercury ? 
tfs. How calculated ? h, "Bow determined hy Kepler's third law ? c. Eccentricity— how 
found? 
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209. The apparent diameter of Mercury, when greatest, 
is about 13 seconds, and when least, about 4^ seconds ; this 
diflference being caused by the variations in its distancQ 
from the earth. 

a. When in inferior conjunction it is, of coarse, at the point nearest 
to the earth, and when in superior conjunction, at its farthest point 
from the earth. When Mercury is in superior conjunction and each 
planet is at its aphelion, they are the fiBirthest possible from each other ; 
that is, 42,600,000 + 93,000,000 = 135,600,000 miles. When Mercury 
is in inferior conjunction and at its aphelion, while the earth is in 
its perihelion, they are nearest to each other ; that is, 90,000,000 — 
42,600,000 = 47,400,000 mUes. 

^ 210. The real diameter of Mercury is about 3,000 miles 
(more exactly, 2,962 miles). 

a. This is deduced from its distance and apparent diameter by the 
method' explained in Art. 147, a. Suppose the apparent duuneteris 
ascertamed to be 12i", while its distance from the earth is 50,000,000 
mUes. Then, the sine of 6V', which is .00002962, being multiplied by 
50,000,000 gives 1481, the semi-diameter. 

6. A clearer idea may be formed of the apparent diameter of a 
planet by comparing it with that of the moon, which subtends an 
angle of more than 1,800" ; consequently. Mercury, when it appears 
as a thin crescent near inferior conjunction, subtends an angle equal to 
only about ,-io- or -,-itf part of the moon's disc ; while when it recedes 
to its greatest distance, it is about -4^0 P^i^* 

c. The oblateness of the planet has been generally considered very 
small ; but one astronomer (Dawes), in 1848, gave it at ^, which would 
Fig. 94. be about ten times as great as that of th^ 

earth. 

d. Volume, Mass, and Density. — The 

volume of Mercury is about .052 of the 
earth's; and the. mass has been estimated 

_^ at about .063 ; hence, its density must be 

CURT AND THE BAOTii. .063 H- .052 = 1.21. the earth's bemg 1 ; 




Questions.— 200. What is the apparent diameter when greatest? When least? n. 
Why so variable ? 210. What is the real diameter? a. How found ? 6. How does it 
compare with that of the moon? c. Is Moicury oblate ? d. What Is Its volume? 
Mass? Density? 
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and since this is 5.G7 of water, 5.67 X 1.21 = C.80, must be the density 
as compared with water. To find the mass of Merctury is so diflcalt 
a problem, that these figares can not altogether be relied on. There 
is but little doubt, however, that its density exceeds that of the 
earth by an eighth to a fifth. The famous French mathematician Le 
Verrier estimates it at more than twice that of the earth. 

€. Superficial Oravity at Mercury. — Since gravity varies directly 
as the quantity of matter, tkud inversely as the square of the distance 
from the centre, at the surface of Mercury it must be nearly (HSu)* X 
.063, or V X .063 = .448 (nearly). Hence, a body that weighs a pound 
at the surface of the earth would weigh less than half a pound at 
Mprcury. . If we should be transported to this planet, we should ap- 
pear to have more than twice as much muscular power, since the 
resistance to our efforts would be diminished more than one-half. 

211. Mercury is supposed to perform a diurnal rotation 
in about 24 hours (24'» 5" 28' ). 

a. This waa discovered by the celebrated Qerman astronomer, 
Schroeter, at the end of the last century, by examining daily the ap- 
pearance of the cu9p8t or extremities of the crescent form of the 
planet, which instead of being ]x>inted are sometimes obtuse, owing to 
irregularities on the surface of the planet, and during one rotation 
undergo certain changes in form, which enabled the astronomer to dis- 
cover the period. He also thought that he had discovered certain dark 
hands across the disc, and was enabled to measure the height of some 
of the mountains, which, according to his computations, are very high, 
some of them more than ten miles, — ^an enormous altitude for so small a 
body. These discoveries have not, however, been confirmed by the 
observations of other astronomers. Sir John Herochel, with all his 
advantages for telescopic observation, and his great experience and skill 
as an observer, states that " all that can be certainly affirmed of Mer- 
cury is, that it is globular in form and exhibits phases ; and that it is 
tec small and too much kst in the constant and close efiulgence of the 
sun to allow the further discovery of its physical condition." 
-- b* Mercury is a very difficult object to see in consequence of its 
nearness to the sun ; for it is generally entirely involved in the twi- 
light or obscured by the mists that float near the horizon. Copernicus, 

QxJBBnoKB.— e. How does grarity, or weight, at Mercaiy compare with that at the 
earth? 211. In what time does Mercury rotate? a. How and hy whom was this dis- 
Qorered ? &. Why is Mercury a difflcnlt otject to see ? 
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it is said, regretted at his death ihM he had never been able to obtain 
a view of it. In lower latitudes, where the diurnal drdes are more 
nearly vertical, the twilight shorter, and the atmosphere less clouded, 
it is more easily seen. The fact that it was so well known to the 
ancients as a planetary body proves to us that they were very carefiil 
and diligent observers. When viewed through a telescope, it looks 
intensely brilliant, on account of its proximity to the sun ; and this 
excessive brilliancy serves to prevent the clear observation of any spots 
on the disc which would afford positive indications of its axial rotation. 
It has, nevertheless, been very diligently observed by astronomers. 
Arago states that at the observatory of Paris alone, more than two hun- 
dred complete observations of it were made from 1836 to 1842. 

212. Mercury perfonns its sidereal revolution in about 88 
days (87** 23'' 16") ; its synodic period is about 116 days. 

a. The sidereal period may be ascertained by observing when the 
planet is at either node, and noticing the interval of time that elapses 
before it returns to the same node. The synodic period can be cal- 
culated on the principle already explained. Thus, 365} days-^ 
87.968 days = 4.152, which is the number of sidereal revolutions in a 
year ; hence there must be 3.152 synodic revolutions, or one less than 
the sidereal ; and 365i days -*- 3.152 = 116 days (nearly). 

Or the synodic period may be found by observation, and the sidereal 
period deduced from it on the same principle. (365 i -s- 116 = 3.152 .*. 
865i -4- 4.152 = 87.968.) 

213. The apparent diameter of the sun as seen at Mer- 
cury varies considerably, owing to the great difference in its 
distance at aphelion and perihelion. When in the former 
position it is nearly 69'; in the latter, 104'; being when 
least more than twice, and when greatest more than 3 
times that of the sun as seen from the earth. 



a. Light and Heat at Mercury, — The light and heat received 
from the sun when Mercury is in perihelion must be greater than in 
aphelion, in the proportion of 2.27 to 1 ; that is, in the former, about 
2i times as great ajs in the latter ; for the light and heat vary in 

QuBSTiONB.— 212. What is the fddereal period of Mercury? Its synodic period? «. 
How may one be deduced from the other ? 213. Apparent diameter of the sun at Me^ 
c«ry? a. Its light and beat ? 
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proportion to the area of the sun's disc, and this is as the square of 
the apparent diameters ; or as (104)* to (69)', or as 2.27 to 1. On the 
same principle, the average amount of light and heat received by 
Mercury, is to that received by the earth as the square of the mean 
apparent diameter of the sxm at that planet (830* ^ ^ that at the earth 
(327 ; that is, as 6889 is to 1024 or as 63 (nearly) to 1. In other words, 
the light and heat at Mercury are nearly 6J times as great as at the 
earth. This, of course, may be very much modified by other circum- 
stances. 

b» Seasons at Mercury.— Since the light and heat are more than 2\ 
times as great in perihelion as in aphelion, there must be a succession 
of seasons on the planet depending entirely on the eccentricity of its 
orbit, summer occurring when the planet is in perihelion, and winter 
when it is in aphelion. If the axis of the planet is inclined to its 
orbit, another succession of seasons must occur, which, if they coincide 
with the former, must, in one hemisphere, augment the intensity of the 
heat, and in the other, increase tliat of the cold ; while, if they do not 
coincide, the one cause must tend to counteract the effects of the other, 
and thus diminish the great extremes of heat and cold. 

/^14 Transits of Mercury. — ^When the latitude of Mer- 
/cury or Venus, at the time of inferior conjunction, is less 
than the semi-diameter of the sun, a transit must occur, 
the planet appearing on the sun's disc like a small, round, 
and intensely black spot, and moving across it from east to 
west. 

a. It appears to move across the disc from east to west for the same 
reason that the solar spots appear to move in that direction (Art. 151, 6). 
The planet's velocity being faster than the earth's, the planet passes 
the earth actually from west to east, but in a direction opposite to the 
diurnal motion of that part of the earth on which the observer stands ; 
hence the apparent motion is toestward, since east is in the direction 
of the rising sun, and this must be the point toward which any place 
on the earth turns. 

b. Transit Umits.— The limits in latitude within which a transit 
can occur correspond to the semi-diameter of the sun ; and as Mer- 



QmsTiOKS.-^. Seasons at Mercary? 214. When do transits occur ? o. Appearance 
of the transit ? Why does the planet appear to move from east to west ? 6. What 
are the transit Umits ? 
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cut's orbit is inclined to the ecliptic at an angle of 7% it can easily be 
computed that the planet, at inferior conjunction, must be within 
about 2° of longitude from the node for a transit to occur. 

€• Times of the Oocurrence of Transits.— The longitudes of 
Mercury's nodes are 46'' ( Q ) and 226° ( C ) ; hence they are in Taurus 
and Scorpio, and the earth arrives at the line of nodes in May and 
November of each year. Transits must, consequently, occur in these 
months ; and this will continue to be the case for a long time, 
because the nodes change their position on the ecliptic only about 13' 
in a century. Because 7 sidereal periods of the earth are very nearly 
equal to 29 (29.064) of those of Mercury ; and 13 of the former are 
nearly equal to 54 (53.98) of the latter, transits must, as a general 
thing, occur at intervals of 7 or 13 years, at the same node. Owing, 
however, to the great inclination of the orbit, and the consequent 
small tran^t limit, these periods can not be relied on ; and it requires a 
period of 217 years to bring round the transits exactly in- the same 
order. The last transit occurred on the 12th of November, 1861 ; the 
next will occur on the 5th of November, 1868. 

II. VENUS. 9 

215. Venus is in appearance the most brilliant and beau- 
tiful of all the planets^ and is remarkable for its close 
resemblance to the earth, both in size and mass. 

a» Name and Sign. — Venus, in the pagan mythology and religion, 
was the goddess of beauty, and hence the name was appropriately 
applied to the most beautiful of the planets. The sign is sup- 
posed to represent a mirror having a handle at the bottom. By the 
ancients, this planet, when an evening star, was called Hespertts or 
Vesper, the former being a Greek word, and the latter a Latin word, 
each meaning t?te evening. When a morning star, it was caUed 
Phosphorus or Lucifer, the former, in Greek, signifying that which 
hrings the light; and the latter meaning the same thing in Latin. 
These were at first supposed to be different bodies. 

216. The PHASES of Venus exactly resemble those of the 

QirssnoNB.— e. In what months do transitB occur ? Why ? At what intenralB do they 
occur? Why? 215. For what is Yenas remarkable? ck Its name and sign? 21ft' 
What phases does it exhibit ? 
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moon, and when viewed with a telescope are very interest- 
ing and beautiful, clearly proving that this planet revolves 
within the earth's orbit 

^Yt, When the planet is in superior conjunction its full 
disc is visible, which gradually diminishes until, at the 
time of greatest elongation, only half of the disc is seen ; 
after which the planet still continues to wane until, when 
near inferior conjunction, it assumes the form of a slender 
crescent. 

218. When the planet is full, its apparent diameter is least, 
since it is then farthest fix)m the earth ; but near inferior 
conjunction, its apparent diameter is greater than at any 
other time, except when it is seen during a transit 

The accompanying diagram (Fig. 95) shows the phases of Venus daring 
one synodic period. The difference in size when the planet is full and 
when it has the crescent form, wiU be obvious. This difference, however, 

Fiff. 96. 
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is greater than here presented ; the apparent diameter in inferior conjuction 
being more than six times as great as it is when in superior conjunction. 

QuxBTioNS.— 217. When is it full, half, and crescent? 818. When is its apparent 
diameter greatest ? When least? 
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219. The extreme elongation of Venus never exceeds 
47|% its average being about 46\ 

a. This small amount of variation indicates that the orbit has veiy 
little eccentricity. 

b, Venus is most brilliant when the elongation is about 40'', and 
when its apparent diameter is about 40", and about \ of the entire 
disc is visible, this portion giving more light than phases of greater 
extent, because the latter are presented at so much greater distances. 
During every eight years, when the planet has its greatest north lati- 
tude and is 40° from the sun, its brilliancy is so daraling that it is 
visible in full daylight, and casts a sensible shadow in the evening. 
This was the case in Feb. 1862, and had been often observed previously. 

" 220. The aphelion distance of Venus from the sun is 
about 66,600,000; the perihelion distance, 65,700,000; its 
mean distance being about 66,150,000. 

a. The mean distance can be calculated by Kepler's third law ; and 
the aphelion and perihelion distances by the greatest and least extreme 
elongations, as in Art. 208. 

^~ [The pupil should be required to make the calculations in each 
case. The ratios or sines of the angles can be found by consulting any 
ordinary table of natural sines. The term natural is employed to distin- 
guish these ratios from the logarithmic expression of them.] 

b. The absolute eccentricity of Venus, it will be seen, is only about 
450,000 miles, or less tlian .0069 of its mean distance. So nearly does 
the orbit resemble a circle. 

221. The apparent diameter of Venus, when greatest, is 
66^" ; and when least, somewhat less than 10". At its 
mean distance (91 millions of miles) from the earth it is 
about 17"; and therefore its real diameter is 7510 miles. 
(Art. 210.) The compression or oblateness of the planet 
is exceedingly small. 

a. Volume, Mass, and Density.— The volume of Venus is about 
.85 of the earth's ; while its mass is .89 ; hence its density must be 



Qotstiokb.— 219. Extreme elongation ? a. Why but slightly variable ? b. When is 
Venus most brilliant? 220. Distances of Venus ? a, Hoir calculated ? b. Eccentric- 
ity? 221. Apparent and real diameter? a. Volume, mass, and density ? 
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Sd-i-.S5 = 1.047 (nearly), or very little greater than that of the 
earth. 

6. Superficial Oravity.— This is found as in Art. 210, e, (|?H)* X 
^ = .98 ; that is, a pound at the earth's sur&oe would weigh only .02 
less at the surface of Venus. 

-^ 222. The diurnal rotation of Venus is performed in 23*> 
21"» 19». 

a. This is the period as determined by Schroeter in 1789, by disoov- 
ering a luminous point in the dark hemisphere a little beyond the 
southern horn of the planet, indicating the existence there of a high 
mountain. By watching its periodic changes, he was enabled to 
deduce the time of the rotation ; which agreed very nearly with the 
result attained in 1607, by Cassini, and was subsequently confirmed 
by the observations of other astronomers. 

6. Mountains in Venus. — According to Schroeter, there exist mount- 
ains of immense height on the surface of Venus ; the elevation of the 
loftiest bdng equal to tIii of the planet's radius, which would be 
about 27 miles, or five times the altitude of the loftiest terrestrial peak. 

Fiff. 9& 




TELS800PI0 VIBWS OF VKMUB. 

While other astronomers have detected the existence of mountains on 
the planet, their observations do not confirm the statements ol 
Schroeter as to their height. Very great irregularities on its sur- 
fiace are, however, indicated by the jagged character of the termi. 
nator, by the shading of its edge, and by the blunt or broken 
extremities of its cusps. The shading is supposed to be caused by the 
long shadows cast by the mountains as the sun shines obliquely upon 
them. [See Pig. 96.] The telescopic observation of Venus is attended 

QuBBTiovB. — b. Superficial grarity ? 222. Time of diurnal rotation ? a. How deter* 
pdned ? b, Hoimtains in VenQs ? What indications in the telescopic views ? 
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with great difficulty on account of the intense brilliancy of its light, 
which dazzles the eye and augments all the imperfections of the 
instrument. 

^ 223. There are undoubted indications that Venus is sur- 
rounded by an atmosphere of considerable height and 
density. 

^- a» This is shown by several circumstances : 1. When the planet 
was seen as a narrow crescent, Schroeter remarked a fiednt light pro- 
jecting beyond the proper termination of one of the horns into the 
dark part of the planet. This has been seen by other observers, and is 
supposed to be due to the existence oi an atmosphere refracting the 
light of the sun. 2. By observing the concave edge of the crescent, it 
is foimd that the enlightened part does not terminate suddenly, but that 
there is a gradual fiiding away of the light into the dark portion of the 
planet's surface, this being obviously occasioned by a reflection of the 
sun's rays, producing the phenomenon of twilight. 3. During the tran- 
«sits of 1761 and 1769, the planet was observed, by several astronomers, 
to be surrounded by a fiunt ring of light, caused, as it has been sup- 
posed, by the sun's rays passing through the planet's atmosphere. 
4 Cl&uds have been observed floating over the disc of the planet, and 
screening by their greater brilliancy its darker surface, which is occa- 
sionally seen between them. Such being the case, there must be wcUer 
as well as air on the surface of Venus. 

224. The inclination of the axis of Venus has not been 
positively ascertained ; but it is supposed to be very great^ 
according to several astronomers, about 75°. 

a. This can be positively discovered only by observing spots on the 
disc, and noticing the direction of their apparent motion. This, in the 
case of Venus, is exceedingly difficult, owing to the intense brilliancy 
of its light and the density of its atmosphere. Cassini, as early as 
1666-7, saw one bright and several dusky spots, and others have been 
observed since that time by difibrent astronomers, among whom, 
De Vico, at Rome, in 1839-41, appears to have attained the most reli 
able results. 

QuiBTioNs.— 323. Has Venus any atmosphere? cr. What indicatioiui of it? 284. 
IncUoation of the axis of Venus ? a. How discorered ? 
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225. If the axis of Vf^aus has an inclination of 75°, ifcs 
tropics must be 75° from its equator, and its polar circles 
75° from the poles. Hence it can have only a torrid zone, 
which must be 150° wide, and frigid zones extending 75° 
from the poles. 

226. Seasons of Venus. — ^As the sun must arrive at the 
equator and depart to its greatest distance from it twice dur- 
ing each sidereal period, there must be two summers and 
two winters at this part of the planet, and a summer and 
winter at each of the poles, which must suffer a transition 
from the burning heat of a vertical sun and constant day, 
to the intense cold of perpetual night, each lasting more 
than 112 days. 

Fi»07. 




Fig. 97 exibits the relative pAsitions of the tropics and polar circles, the 
former being the nearest to the poles. The sun is represented as in the 
northern solstice ; and it will be seen that all places situated more than 15° 
north of the equator have constant day, and those more than 15° south of 
it, constant night. Hence there must be winter at the equator and within 
the south polar circle, and summer within the north polar circle. In 
one-fourth of the Jrear, when the sun will have arrived at the equator, 
there will be equal day and night all over the planet, summer at the equa- 
tor, antTunn within the north polar circle, and spring within the south polar 
curie. 

Fig. 98 exhibits the planet at each of the equinoxes and solstices : To an 
inhabitant of the northern hemisphere of Venus, at A the sun is in the vernal 
equinox ; B, the summer solstice ; C, the autumnal equinox ; and D, the 



QmE8Tioirs.~225. T^nea of Venus? 226. Seasons ? Illustrate by the diagram. 
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winter aolttke. To in inhabitwit of the fOttthMrn bamlsphire. Ae stwcmt 
are, of eoarie, rorerted. 
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eBASONs or Txinm. 

227. Venus performs its sidereal reyolntion in about 224| 
days (224<* 16^ 49n») ; its synodic period is about 684^ days. 

a. For its sidereal period is 224.7 days, and 365.25-^-224.7 = U • 
hence 1| — 1 = }, is the part of a synodic revolution performed in 
365ldays; and365i-^J = 584iday8. [See Art 212, a.] 

b. Divition of the Bynodic Period. — Since the mean value of 
the extreme elongation of Venus is 46% which is the angle M E S 
(Fig, 93). the angle at the sun M S E must be 90' — 46' = 44% There- 
fore the planet, in passing from M to the other point of extreme 
elongation, has to gain on the earth 88*"; and the time required 
for this must bear the same ratio to 584^ days as this angle bears to 
860''. Consequently, the synodic period is divided into the following 
intervals : A*d X 584 i days = 142.9 days, the interval between the time 
of greatest elongation before and after inferior conjunction, and Hi 
X 584^ days = 441.6 days, the interval between the elongation before 
and after superior conjunction. One-half of each of these intervals 
will give the time from the greatest elongation to inferior conjunction, 
and that from greatest elongation to superior conjunction, respectively. 

QunnoNS.— 82T. Sidereal period? Synodic period? a. How calculated? 5. In- 
twrral of time between the elongations and eoiOanetiona? 
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€• Morniiig and Brening 8tar«*-8iiiioe Veniui moat r^naln on 
e&cli side of the Ban during 292 days, or one-half the synodio period, 
it must be a morning and evening star alternately for that time 

228. The distance of Venus from the sun being a little 
more than ^\ the distance of the earth, the apparent diame- 
ter of the sun must be 1| as great, or about 45'. Hence the 
solar light and heat must be more than twice as great. 

a. For these vary inversely as the squares of the distances ; and as 
the ratio of the distances is .723, (723)^, or about .52 will be the ratio 
of the light and heat of the earth to those of Venus. This, of course, 
may be very much modified by the influence of its atmosphere. 

229. Transits of Venus. — The orbit of Venus is in- 
chned to the echptic at an angle of 3^ (3° 23' 29") ; and 
therefore a transit can take place only when the planet is at 
or near one of its nodes. The transits of Venus are of 
great interest and importance, because they afford a means 
of determining the parallax of the sun, and consequently its 
distance from the earth. 

a. History of Transit Observations.— These transits are of rare 
occurrence. Kepler, in 1629, predicted that a transit would occur in 
1631, and that no other would occur until 1761. His prediction, how- 
ever, was not confirmed by observation, for the transit of 1631 
occurred during the night ; and in 1639 the first observation of a 
transit was made by a young English astronomer, named Horrox. No 
other occurred tiU 1761 and 1769 ; and these were observed with great 
care m difibrent parts of the world, in order to apply the method of 
finding the solar parallax, first suggested by Gregory, a celebrated 
mathematician, in 1668. King George III., in 1769, despatched, at his 
own expense, an expedition to Otaheite, under the command of the 
celebrated navigator. Captain Cook, in order that observations of the 
transit might be taken in this distant spot. Other nations sent in dif 
ferent directions sunilar expeditions. The average result of thess 
difierent observations assigned as the true solar parallax 8.5776", which 

QuBSTio^B. — e. How long does Venus remain a morning or evening star? 228. 
Solar light and heat at Venus? a. Why? 229. When do transits oocar? Why im- 
portant ? a. History of transit obfenrations ? 
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has, within a very few yean, been found to be somewhat too small. 
The next transit will oocor in 1874. 

6. Times of the Occurrence of Transits. — The longitudes of the 
nodes of Venus are about 75° (S\), and 255° (15) ■: hence, they are in 
the 15th degree of Gemini and Sagittarius . and as, therefore, the earth 
arrives at the line of nodes early in June and December, the transits 
must occur in these months ; and will continue to do so for a long time, 
since the longitude of the nodes diminishes, according to Le Verrier, at 
the rate of less than 18' in a century. 

c. Because 8 sidereal periods of the earth are very nearly equal to 
13 of Venus, transits often occur at intervals of eight years : when, 
however, two transits have occurred at this interval, another can not 
be expected before 105^ years. Thus, the next transit *will happen in 
December, 1874 ; and another in 1874 -f 8 = 1882 (December 6th). The 
next will not occur till June 7th, 2064, 121i years afterwards. The 
transits are thus repeated at intervals of 8, 105^, 8, 121^, 8 years, etc. ; 
acccording as they occur at one or the other node. 

d. How to Find the Sun's Parallax by the Transits of Venus.— 
By the greatest elongation, the distance of an inferior planet from the 
sun can be found, provided we know the earth's distance. We, in feet, 
only find by this method the ratio of one distance to the other ; and 
this is known, therefore, independently of the solar parallax. 

Fie. 99. 



TBANBIT OF TENVS. 

In Fig. d9, let A and B be the positions of two observers stationed at op- 
posite parts of the earth, and V, the place of Venus at the time of a transit. 
The observer at A will see the planet projected on the sun at a, and the 
observer at B, at h ; and if each observer notice exactly the time required 

Questions.— 6. Which are the node months ? Why ? c. Epochs of the occurrence 
of transits? ei. How is the solar parallax found hy transit observations? 



VEi^us, 165 

by the planet to cross the disc, he can, since its hourly motion is known, 
easily calculate the length of the chord which it appears to describe at each 
place ; and a comparison of the length of these chords will give the dis- 
tance between a and b in seconds of space. Now, if Venus were exactly 
half-way between the earth and sun the distance a & as seen from the earth 
would be exactly the same as A B seen from the sun ; and therefore would be 
twice the parallax. But the distance of Venus from the sun is known to 
be .723 of the earth's distance ; and consequently A V, its distance from 
the earth, must be 1— .723 = .277 ; so that the ratio of a V to A V is Iff = 2.6 
(nearly). But a h bears the same ratio to A B as a V does to A V : hence, 
the distance a h must be 2.6 x 2 or 5.2 times the solar parallax. Suppose, 
therefore, this distance should be found oy observation and calculation to 
be 46i" ; then 46j" -»- 5.2 = 8.^4" would be the true parallax. The advan- 
tage afforded by this method is, that because the distance of Venus from the 
earth is so much' less than from the sun, a 6 is enlarged in the same pro- 
portion, and thus rendered more susceptible of exact measurement. Thus, 
it will be obvious that whatever error arises in determining a 6, affects the 
parallax less than one-fifth. Practically, it is impossible that the observers 
should be as for apart as A B ; but whatever their distance from each other, 
it can be easily reduced to the conditions represented in the diagram. 

APPARENT MOTIONS OF THE INFERIOR PLANETS. 

^ — 230. The appabent motions of Mercurjz: and Venus are 
sometimes from west to east, and sometimes from east to 
west The former are said to be direct ; the latter, retro- 
grade. At certain intermediate points, the planet appears 
to remain for a short time in the same point of the heavens,. 
and is then said to be stationary. 
^^ a* The student must clearly understand that these motions and 
stationarir points have reference to the 8ta/r%y not to the sun ; the appa- 
rent place of the latter is constantly changing on account of the 
motion of the earth. These phenomena are illustrated in the annexed 
diagram. -^ 

Let S (Fig. 100), be the place of the sun, the inner circle the orbit of aK 
inferior planet ; the outer circle that of the earth. Let also a, 6, c, <l, etc., 
be the positions of the planet at unequal inter^'als of time between the points 

QmcBTioirB. — ^230. What apparent motions have Mercury and Venus ? When are 
they said to he stationary ? a. Does this refer to the Bun or the stars? Explain the 
phenomena from the diagram. 



166 



VBNUS. 



of extreme elongation, a and g; and A, B, C, D, etc., the places of the 
earth at the same time; while 1, 3, 3, 4, etc, represent the apparent places 
of the planet, as seen in the sphere of the heavens. In passing from g^ 
the western point of extreme elongation, through o, the place of saperior 

rig. loa 
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APFAXENT MOTIOITB OF VENUS AND MESCUBT. 

conjanction, to a, the eastern point of extreme elongation, the planet evi- 
dently must appear to move toward the east ; and when it arrives at a, the 
earth being at A, it still continues to be direct for a short time ; for while 
going from a to & its motion is'so oblique that the earth passes it, so that 
when the latter arrives at B, the planet appears to have moved from 1 to 2. 
Its elongation is not, however, increased since the sun itself has moved fiir- 
ther to the east. While the planet is going from h to e, and the earth from 
B to C, the former does not appear to change its position at all ; for the 
lines B & 2 and C c 8 are parallel, and consequently indicate no change of place 
among the stars, and 2 is to be considered, therefore, as identical with 3. 
The reason of the planet^s appearing stationary, it will be seen, is that the 
obliquity of its motion exactly counterbalances the difference between its 
actual velocity and that of the earth ; h is, therefore, to be considered the 
stationary point. At d, the planet is in inferior coi\junction, having overtaken 
the earth, and is seen at 4, to the west of its previous position. In passing 
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from diog the same phenomena are presented in the rererse order ; at e it 
becomes stationary, remaining so till it reaches /, where it ceases to be ret- 
rograde, appearing to move while going from / to gj from 6 to 7. In going 
frY>m c to 0, the two stationary points, it has evidently t:hanged its direction 
among the stars, not by the actual distance 8, 5, but by the angle contained by 
the lines 3 c C and 5 e E when produced until they meet in some point be- 
low C DE. This angle, or the arc by which it is subtended, it is obvious, is 
quite small ; it is called the are of retrogradation. From the above ex- 
planation the following statements will be understood* 

231. An inferior planet appears stationary at two points 
of its synodic revolution, between the extreme elongations 
and inferior conjunction. Its motion is retrograde in 
passing through inferior conjunction from one stationary 
point to the other ; and direct in passing through superior 
conjunction, between the same two points. 

a. The stationary points of Mercury vary from 15" to 20° of elonga- 
tion from the sun ; those of Venus generally occur when its elongation 
is about 29°. (See Fig. 95). 

6. The time during which Mercury retrogrades is about 22 days; 
Venus, 42 days. The mean arc of retrogradation of the former is about 
12^° ; of the latter, 16^ The stations of both are, of course, but of 
very short duration. 

QunnoNS.— 281. When does an inferior pUxet appear stationary f When is its 
motion direct ? When, retrograde ? a. Where are the stations of Mercury and Yenns T 
b. During how many days does each retrograded How long ars the arcs of retrogra- 
dationf 



CHAPTER XIII. 

THE SUPERIOR PLACETS. 
I. MARS. S 

^.^^2. Mars^ the fourth planet from the Bun (the most 
tiistant of the terrestrial planets), is remarkable for its small 
size and the red color with which it shines among the stars. 
a. Name and Sign. — This redness of its appearance makes it easily 
distinguished among the other heavenly bodies, and doubtless gave 
rise to its name ; Mars, in the heathen mythology, being the god of 
war. Its sign is a shield and spear. 

233. Phases. — When Mars is in opposition or conjunc- 
tion, its disc is full ; when between these points, it is gibbous. 
More than half of its disc is, therefore, always visible. 

a* The reason of this will be apparent after a little consideration. 
In opposition and conjunction, the hemisphere presented to the earth 
exactly coincides with the illuminated disc ; hence, the planet appears 
fulL The amount of diminution of the fuU disc is obviously equal to 
the angle formed at the centre of the planet by lines drawn to the 
earth and sun. (See Fig. 75.) As, in the case of a superior planet, this 
^ngle is always less than a right angle, the amount of dimunition 
must be less than one-half of the disc : for a right angle would include 
one-quarter of the whole surface, which is, of course, one-half of the 
disc. Therefore, the planet can present no other than the full or 
gibbous phase. 

234. The Apparent Motions of a superior planet, like 

QuESTioiTB.— 232. For what is Mars remarkable? a. Name and sign? 233. Wliat 
phases does it exhibit f n. How is this explained ? 234 What apparent motions baye 
the superior planets ? 
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those of an inferior planet, are either direct or retrograde ; 
and as its motion changes from one to the other, it appears 
for a short time to be stationary. 
-^ 236. The motion appears to be retrograde for a short dis- 
tance before and after opposition, and direct in the other 
part of its orbit The retrogradation of the planet is 
caused by the greater velocity of the earth ; so that as the 
latter body moves toward the east, it passes the other, and 
thus makes it appear to move toward the west When the 
motion of the earth is sufficiently oblique to counteract the 
excess of its velocity, the two bodies move on together, and 
the planet appears to be stationary. 

a. The arc of retrogradoHon in the case of the superior planets 
Is ver^r small. The following is the mean value of each : Mars, 15** ; 
Jupiter, 10** ; Saturn, 6i° ; Uranus, 3}° ; Neptune, about 2*. 

6. Mars retrogrades from 60 to 80 days, according as it is in perihe- 
lion or aphelion; Jupiter continues to retrograde during al)out 4 
months ; Saturn, about 4^ months ; Uranus, about 5 months ; Neptune, 
about 6 months. 

€• Mars becomes stationary when its elongation is about 140° ; 
lupiter, 115° ; Saturn, 110° ; Uranus, 108° ; Neptune, 97i°. 

- ^6. The aphelion distance of Mars is about 162,300,000 
miles ; its perihelion distance, 12(5,300,000 ; hence, its mean 
distance is about 139,300,000. 

a. Since the periodic time of Mars is 1^ 822«>, we have, by Kepler's 
third law, (3651)^* (687i)> :: (91,500,000)* : the cube of the distance of 
Mars, which, by working out the proportion, will give very nearly the 
mean distance above stated. 

b» The distance can also be found approximately by observing the 
phase of Mars when it varies most from the full. The following is the 
method : — 

Let S (Fig. 101), represent the sun, E, the earth, and M, Mars, much 

QtrBsnpxB.— 285l When is the motion retrograde ? Why ? When is the planet sta* 
tionary? Why? a. What la the arc of retrogradation of each snperior planet * fn 
tfow long doefi each retrograde ? r. Where are the stationary points? 286. Distance 
of Mart from the sun ? a. How found hy Kepler* s third law ? b. How hy the phase ? 
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Fi«. 101 cnlai^ed for cooTenience of illustra- 

tion. The earth is obviously at the 
point of greatest elongation as seen 
from Mars: and hence the angle 
8 M £ is the laigest possible. But this 
is equal to aMd which measures the 
deyiation of the disc from the ftill; 
for the arc & a = ed; and taking e a 
from each, there remain be = ad. Sup- 
pose this angle is measured and found 
to be 410 4f, Then the sine of this angle 
being about .657, this must be the 
ratio of the distance of the earth to 
that of Mars; and 91,500,000 +.657= 
189,800,000 (nearly). This method is 
applicable only to Mars; since the 
other planets are so far distant that the angle of elongation corresponding 
to S M E, is very small ; and their deviation from the circular outline not 
large enough to be susceptible of exact measurement. 

e. A more general method, based upon the daily arc of retrograda- 
tion of the superior planets, is interesting as having been employed 
by the old astronomers, and more particularly by Kepler in those 
investigations which resulted in the discovery of his third law. The 
following is a brief statement of this method :t- 

Let S (Fig. 100), represent the sun, E e the daily arc of movement of the 
earth, and M m, that of Mars in opposition. In going from M to m, the 
planet obviously changes its direction backward among the stars by the 
angle deo = eoE, Now, in the triangle oe&j the angle o is given, also the 

Fig. lOa 




angle E S e, since it is the amount of angular movement of the. earth 
for the time ; hence, the third angle oeS becomes known ; and the ratio of 
o S to € S, since this is equal to the ratio of the sines of oeS and eoS. In 
the triangle o m S we have, in the same manner, the angles o and m S M, 
the latter being the angular movement of the planet, so that the ratio of 



ffuvB'siov.'—e, How may the distance be founil by the arc ef retrogradatlonf 
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S to m S becomes known ; whence, combining tlie two results, we obtain 
the ratio of m S to « S, or that of the two distances ; on the supposition, 
however, that the orbits are circular ; but when the process is repeated In 
every variety of situation at which the opposition may occur, the average 
of the results will give a tolerably accurate determination. 

237. TheECCENTBiciTY of the orbit of Mars is about 13 
millions of miles, or .093 of its mean distance. It is, there- 
fore, nearly 5^ times as great as that of the earth. 

a* Parallax of Man and of the Sun.— Owing to the great eooen- 
tridty of the orbit of Mars, it sometimes, when in opposition, approaches 
very near to the earth ; for if it is in perihelion while the earth is in 
aphelion, the distance is 136,300,000—83,000,000 = 33,300,000. Ad- 
vantage was taken of this in 1862 to determine its parallax. It was 
arranged that several observers should station themselves at places in 
different hemispheres and record the zenith distance of the planet 
when on the meridian, as well as its distance from certi^ stars, so as 
to ascertain the amount of displaoement in its position occasioned by 
the separation of the observers. These observations were made at 
Greenwich, Polkova, Washington, Cape of Good Hope, Williamstown 
in Australia, and Santiago. 

An efibrt was also made to determine the parallax at a single obser- 
vatory, by observing the displaoement in the apparent position of the 
body, occamoned by the rotation of the earth. For as tiie observer is 
not situated at the centre of motion, the planet can only appear pre- 
dsely in its trae place, as to right ascension, when it is on the meridian ; 
and firequent observations made before and after culmination most 
show an average displacement, from which its parallax may be calcu- 
lated, and consequently its distance from the earth. From this may 
be deduced the earth's distance from the sun, and of course the solar 
parallax. The results of the different observations very nearly agreed, 
all showing the parallax as determined in 1769 to be too smalL The 
average result is that now generally accepted (8.94"). Le Verrier had 
previously assigned very nearly the same amount by calculations based 
upon the disturbances of the planets, which showed that the parallax 
needed correction in order to bring the observed perturbations into 
harmony vnth those theoretically computed. 

Qvamosra— 237. What is the eccentricity of the orbit of Mars? a. How to find the 
parallax of Mart, and the polar parallax ? 



172 MASS. 

238. The ikclixation of the obbit of Mars to the plane 
of the ecliptic is only about two degrees (1** 51'). 

239. Its SIDEREAL PEBIOD Is nearly 687 days ; its synodic 
period, 780 days. 

a. For 687*— 8051' =821}^; henoe, 687- -f- 821 J' = 2.135, is the 
number of revolutions of the earth daring the synodic period ; and 
865i' X 2.185 = 780- (nearly). In Art. 62, the same method is appUed 
fractumaUy; thus, 865i' = .582 of 687<*; hence, the earth gains in one 
revolution 1 — .582 = .468 of a revolution upon the planet ; but she 
has to gain an entire revolution ; and 1 -h .468 = 2.185 revolutions 
(nearly). 

240. The apparent diameter of Mars varies between 4" in 
conjonction and 30'' in opposition. Its real diameter is 
about 4,300 miles. Its oblateness is about ^^^ of its diame- 
ter, or 86 miles, and is consequently very nearly six times as 
great as the earth's. 

,-' 241. It performs its daily rotation in about 24^ hours 
(24*> 37™ 42«), upon an axis inclined toward its orbit 28° 42' ; 
hence its obUquity is nearly the same as the earth's, and its 
variety of seasons also the same, except that they are nearly 
twice as long. 

a. Seasons of Mars. — Tbe year of Mars contains 668** 16>' of its 
own. time, since its days are longer than those of the earth. Owing 
to the great eccentricity of its orbit, summer in the sonthem hemisphera 
is only aboat | as long as in tl^e northern ; bat, in consequence of its 
greater proximity to the snn, the light and heat are mnch greater (in the 
ratio of 14.5 to 100). Thus there is a partial equalization of the heat in 
both hemispheres. Constant day at the north pole of Mars lasts daring 
372 of its days ; at the south pole, during 297 days. Hence constant night 
at the north pole is 75 days shorter than at the south pole. 

.^^ 242. The telescopic appeabances of Mars are very 

QUEBTION&— 238. Inclination of its orbit? 889. The sidereal and synodic pertods* 
«, How deduced* 240. Apparent diameter? Real diameter? Oblatenese? 24L 
Period of rotation ? a. Seasons? S43. Telescopic appearances of liars? 
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interesting, exhibiting what seem to be the outlines of 
continents and seas, the former appearing of a ruddy or 
orange color, and the latter of a dusky greenish or bluish 
tint 

243. Brilliant white spots are also seen alternately at the 
poles, produced, as it is conjectured, by accumulations of 
ice and snow during the long winters, particularly as they 
are seen to disappear as summer advances upon the poles. 
^344. Evidences are also presented of an atmosphere, prob- 
ably of a density about equal to that of the earth. 

Fift. 103. 




VOSimatN AKD BOUTHXBN HSMI8PHSBB8 OF MABS.— JfacRflT. 

«. With the exception of the moon, no body has been Bubmitted to 
such a careful telescopic scrutiny as Mars. The utmost assiduity has 
been exercised particularly by Messrs. Beer and Mftdler in these 
researches, which were commenced by them in 1830, and continued 
at every opportunity for twelve years. A large collection of draw- 
ings of the various hemispheres presented by the planet was made 
by them, showing the positions and outlines of the spots seen on 
the disc, and clearly establishing their connection with the planet's 

QuEBTioxs.— 243. The white spots? 244. Atmesphere? «. Observations of Mars ? 
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Burfaoe, and their general permanency. Considerable Tayietj is, how- 
ever, exhibited in the forms of these spots, owing to the great diversity 
in the hemispheres presented. 

The annexed cut does not represent any actual telescopic views ol the 
planet, since we are never so situated as to be able to see the tn/^o^e of either 
the northern or southern hemisphere at any one time. It exhibits a combi- 
nation of a large number of telescopic appearances, the various dusky spots 
being placed together so as to show the forms of the different IwUea qfwoOer 
and their relation to the continents ; the latter being indicated by the white 
spaces. These, through the telescope, appear of a ruddy color, and give 
this general tint to the planet. On the earth, the continents are islands, 
being encompassed by the water ; on Mars, it will be perceived, the bodies 
of water are lakes or seas, being entirely encompassed by the land. 

6. No entirely satisfactory cause has been assigned for the ruddy 
color of this planet. It is thought by %r John Herschel to be due to 
" an ochrey tinge in the general soil, like what the red sandstone dis- 
tricts on the farth may possibly offer to the inhabitants of Mars, 
only more decided." Viewed through a telescope, the redness of its 
hue is very considerably diminished. 

II. JUPITER. 2f 

245. Jupiter, the first of the major planets, is remakable ^ 
for its great size, it being the largest of all the planets. 
It is also distinguished for the pecnliar splendor with which 
it shines among the stars. 

a. Name and Sign^— This planet doubtless deceived its name on 
account of its superior magnitude and splendor, Jupiter, or Jove, in the 
ancient mythology, being the king of the god& Its sign is supposed 
to be an altered Z, the first letter of Zeus, the name of Jupiter among 
the Greeks. 

246. The aphelion distance of Jupiter is 498,500,000 
miles ; its perihelion distance 453,000,000 miles ; hence its 
mean distance is 475,750,000. 

247. The eccentricity of its orbit is therefore 22,750,- 

QuKSTiox^— .'>. Cause of its red color? 245. How^ ts Jupiter diBtingaiBhed? ob 
Name and sign f 246. Di«tanoe from the sun f 247. Eccentrloitj ? 
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000 miles, or about .048 of its mean distance; being 
relatively nearly three times that of the eai*th. 
-248. The inclination of its orbit is very small, being only 
ibout 1^ 19'. 
•*« Tx^ •'•vr^T^rn virpTOT) is found by observation to be 
. . EBiOD is about 4332 

' — ■ — ^ )erformed by the earth 
)erformB only .0921 of a 

., _ ^ upiter in opposition, 

'^ 1/ " ' ^^ f^'^^ ' inction, 31" ; and at 

al equatorial diame- 
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he earth is 453,000,000— 

nuin apparent Bemi-diam- 

id 300,000,000 X. 000121 5 

,<.^W-> y - V T-/ ^ equatorial, Bemi-diameter. 
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QmsnoNS. — ^948. Indinatioa of its orbit? 249. Its synodic and sidereal periods? 
160. Apparent and real diameters? a. How found? 251. Oblateness? «r. Equatorial 
and polar diameters ? Period of rotation ? Velocity ? 6. How to liad the oblatenev 
from the yetodty ? 
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the aitnction of the bod j on its own matter. Thus, the relodtj of 
Japiter is about 2} tiroes as great as the earth's [24^-4-10^ = 2}], but 
its denrity is only i as great, and (2!)* X 4 = 28 +. Therefore, if its 
density were as uniform as that of the earth, its oblateness would 
be lif X 28 = T^j of its diameter. The internal parts of Japiter must 
therefore be very much more dense than the external, the latter prob- 
ably being considerably lighter than water. 

Tig- 104. e. Volume, Blass, and 

Superficial Qravity. — 
The volume of Jupiter is 
about 1244 times as great 
as the earth's ; for 85,000 
-4-7912 = 10.75, and 
(10.75)* = 1244 (neariy). 
Its mass being only 301, 
its densityis 801-^ 
1244 = .242, or nearly i. 
The force of gravity at 
the surface of the planet 
must therefore be 801 h- 
(10.75)» = 2.6-f. So that 
coMrAEATiTt ukQvnovmov m xAXfH Ain> juriTEx. a body weighing 1 lb at 
the earth's sur&ee would weigh 2.6 lbs at Jupiter's; and since a 
body falls through 16 feet in the first second of time at the earth's 
surface, it would fall more than 41 feet at that of Jupiter. 

d. Orbital Velocity.— This body, so inconceivably vast, is flying in 
its orbit with the velocity of 28,700 miles an hour, or nearly 500 miles 
a minute — a speed sixty times a great as that of a cannon ball. How 
tremendous is the exhibition of force here displayed I 

252. The inclination of Jupiter's axis to that of its orbit 
is only 3° (3° 6'), much too small to cause any considerable 
change of seasons. 

a. The phenomena of constant day and night take place, therefore, 
only within two small circles extending 3** from the poles. Exactly at 
the poles, the dfy and night are alternately about six years long. The 
cold at these parts of Jupiter must be intense beyond any that we can 




'^TMTiONB.— r. Volume, mass, and soperllcial grarity? d. Orbital relodtj f 
IncUnatioii of ito axis ? a. What results from this? 
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conoeiye. The long absence of the sun, and its never rising more 
than 3° above the horizon, joined with the immense distance of the 
planet from that luminary, must all combine to intensify this rigor. 

6. Solar Iiight and Heat. — The light and heat of the sun at Jupi- 
ter must ba less than at the earth, in the inverse ratio of (475,500,000)' 
to (90,000,000)>, or of 27 to 1. This feeble supply of light and heat 
may, however, be compensated by a greater density of the atmosphere, 
a higher calorific or luminous capacity of the soil, or a greater amount 
of internal heat than that possessed by the earth. 

^ 253.' Belts of Jupiteb. — ^When examined with a tele- 
scope the disc of Jupiter appears crossed by dusky streaks 
or belts, parallel to its equator, their general direction always 
remaining the same, although they constantly vary in num- 
ber, breadth, and situation on the disc. Sometimes the disc is 
almost covered with them ; while at others scarcely any are 
visible. 

" 254. These dusky bands or belts are supposed to be the 
body of the planet seen between the clouds that constantly 
float in its atmosphere, and are thrown into zones or belts by 
the great velocity of its rotation. The cloudy zones are 
more luminous than the surface of the planet, on account of 
their more powerful reflection of the solar light. 

a. The belts are not equally conspicuous, there being two generally 
which are more distinctly observable than others, and more permanent. 
These are situated, one on each side of the equator, and are sepa- 
rated by a clear space somewhat more luminous than the other parts 
of the disc. Toward the poles they are narrower and less dark ; and 
they imperceptibly fade away a short distance from the eastern and 
western edges of the disc, — a phenomenon due, evidently, to the thick- 
ness of the atmosphere at those parts. Dark spots are also occa- 
sionally seen in connection with the belts. 

In Fig. 105 are given two telescopic views of this planet ; the first, from 
a drawing by Sir John Herschel, as it appeared September 23d, 1832 ; the 

QuBTioirfl._A. Solar light and heat of Jupiter ? 268. Belts— how described ? 264 
Their cause f a. What variations in appearance ? 
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second, by M&dler, in 1884. The two dark spots shown in the latter were 
employed to determine the time of the planet'0 rotation. 




TILMCOPXO Taws OF JUPlTUb 



6. Notwithstanding the cloudy xnaBses with which the atmosphere 
api>ear8 to be charged, it is not thought that the latter has any very 
great height above the planet's surface ; for if such were the case the 
edges of the disc, instead of being sharply defined as we see them, 
would be nebulous and indistinct. 



SATELLITES OF JUPITER. 

^ 255. The four satellites of Jupiter are among the most 
interesting bodies of the solar system. They were first seen 
by Galileo, in 1610, a short time after the invention of the 
telescope, and were perceived to be satellites by their appa- 
rent movements with respect to the planet^ alternately 
approaching it, passing behind it, and receding from it; 
sometimes also passing over its disc and casting their 
shadows upon it. 
a. These planets have been distinguished by particular names, 

QT7FBTIONB.— ft. AtiDOsphere ? -255. SateUites— by irhom dit90Tered? Their app^ 
rentmotionB?* a, Hqw^ designated ? 
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but are more geseially designated by the nmneral3 I., II., III., IV., 
according to their order from Jupiter 

256. Their pebiodic times are, respectively, 1^ 18*» ; D^ 

13h ; 7d 4h J and W 16^. The longest, it will be seen, is but 
a little more than half that of the moon. 

a* It will also be perceived that the second is very nearly twice the 
first ; and the third, twice the second. : 

^^ — 257. Their diameters in approximate numbers, arc I., 2,300 
miles; II., 2,070 miles; III., 3,400 miles; IV., 2,900 miles; 
all, excepting the second, being larger than the moon 

a. These figores are based upon the measurements of their discs and 
a comparison of their apparent diameters with that of the planet as 
seen simultaneouslj. Thus, suppose the apparent diameter of Jupiter 
in opposition is found to be 45", and the third satellite is measured at 
if ; the diameter of the satellite must then be fg that of the primary 
phuiet, and 85,000 X i/y = 8,400. 

b. As seen from Jupiter these bodies present quite large discs ; the 
apparent diameter of I. being 36' ; of II., 19' ; of III., 18' ; and of IV., 
9'. The first is therefore somewhat larger in appearance than that of 
the moon. The firmament of Jupiter must present a very beautiful 
divendtj of phenomena. These various moons, all of which are occa- 
sionally above the horizon at one time, go through their phases within 
a few days; the first within 42 hours. To an inhabitant of the first 
satellite, the apparent diameter of Jupiter must be lO'' ; that is, about 
86 times as great as the moon ; while the amount of illuminated sur- 
&ce presented by it must be nearly 1800 times as great. 

€• Although their volumes are quite large, their masses are very 
inconsiderable, owing to their very small densities, which are I., tfu ; 
II., ^ ; III., (V ; IV., iV, the earth being 1. AH are, thus, considerably 
lighter than water, and the first very much lighter than cork. . 

258. Their distances from Jupiter are, respectively, 
264,000 miles, 423,000 miles, 678,000 miles, and 1,188,000 
miles. 

a. These are found by measuring their greatest elongations from 

Questions.— 256. Periodic times of the sateUltesr 157. Their diameters ? o. Qow 
found? b» Apparent sise at Jupiter f Apparent sice of Jupiter a? satellites ! e. 
Masses and densities f 208. Their distanoes from the primary ? a. How found ? 
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the planet, and comparing these with its apparent diameter. Thns^ 
the greatest elongations are respectively, 136", 217", 849", and 611" ; 
the apparent equatorial diameter of the planet being 45". Dividing each 
elongation by 45", we find the ratio to the planet's diameter of the 
distances of the sateUites respectively. These are nearly I., 3 ; IL, 4.8 ; 
III., 7.7 ; IV., 13.6. Fig. 106 shows the comparative extent of these 
elongations. 

vig. loe. 




JUPITKB AND ITS BATELLinB AT 1HBIB OSBATBBT ELOMOATIOIia. 

h. The entire system of Jupiter is thus comprehended within a drcular 
space of less than 2^ millions of mUes in diameter, and subtends at its 
distance from the earth an angle less than 22', or about J the apparent 
diameter of the moon. A telescope, the field of view of which would 
include one-half the area of the moon's disc, would exhibit Jupiter and 
all his satellites, as represented in Fig 106. 

e. A comparison of the periodic times and distances as above given 
will prove that they agree with Kepler's third law. Thus, taking I. 
and II. as an example, we find (ff)* = 41 (nearly), and (tIJ)' = 4,1 
(nearly) ; hence, (85)» : (42)« : : (423,000)» :(264,000)». 

^ 259. The orbits of these bodies are almost circular, and 
very nearly in the plane of the planet's equator. They 
therefore make only a very small angle with the plane of its 
orbit (about 3°). 

260. The eclipses, occultations, and tbaksits of the 
satellites present an endless series of interesting and useful 
phenomena ; and the situation of their orbits causes them 
to occur with very great frequency. 

a. I., II., and III. are eclipsed at every revolution ; but so peculiarly 
related to each other are their motions that their simultaneous eclipse 
is impossible. Laplace demonstrated that the mean longitude of I., 
plus twice that of III., minus three times that of It, is always equal to 

QuBBTioNB.— 6. Angular fepace covered by the sjBtemr e, Kepler* b Iaw— now 
ftpplied? 269. Figure atid position of the orbits! Seo. Eclipses? Whyfreqaen^f a 
Ilonr many eclipses may oocur at Jupiter during a Jorlan year ? 
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180°. Hence, when two are eclipsed, the other must be on the oppo- 
site side of the phinet. This is called the libration of the satellites. 
All four are, however, occasionally invisible, beings concealed either 
behind or in front of the planet. This occurred last in August, 1867. It 
has been computed that, during a year of Jupiter, an inhabitant of tne 
planet might behold 4,500 solar and lunar eclipses. 

b. During the transits the satellites appear like bright spots passing 
from east to west across the disc, preceded or followed by their shadows, 
which seem like small round dots as black as ink. 

Fig. 107. 

\ 
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XCLrVgKS, OOOTLTATIONS, AND TRANSITS OP JTJPITKB*8 SATELLITES. 

In Fig. 107, to an observer at E, I. is represented as eclipsed ; II., as just 
passing hito the shadow of the planet* III., just before a transit, the shadow 
^receding ; and IV., at the point of occultation. At E', I. has just passed behind 
the disc ; II. is in occultation ; III., a transit, both shadow and satellite being 
on the disc, the shadow preceding ; IV., just emerging from behind the 
planet-, at E", I. and II. are behind the disc. III. is in transit, but the 
shadow follows the satellite ; IV., just after an eclipse. 

/ 261. Since the oecurrence of these eclipses can be exactly 
predicted, they serve to mark points of absolute time ; so 
that if the precise moment at which they will occur at any 

Questions.— &. How do the satelliteB appear in a transit? 261. Why are theao 
^ipses asefal ? 
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particular place has been computed^ and the actual time of 
their occurrence at any other place is noted, a comparison 
of the two will give the diflFerence of time, and, of course, 
the diflference of longitude, between the two places. 
^ a* Thus, if a mariner peiceives, by the nautical almanac, that the 
eclipse of a satellite wiU occur at 9 o'clock P.M., Washington time, 
and he notices that the eclipse does not take place till 11 o'clock P.M., 
he can infer that his position is 2 hours, or 30°, east of Washington. 
y b» Velocity of Light found by the Bclipses of Jupiter's Sat^ 
eUites. — In the prediction of these eclipses, a constant variation was for 
several years found to exist between the calculated and observed time 
of the occurrence, with this additional &ct, that the eclipse was later 
as Jupiter receded from the earth, and earlier as it approached the 
earth ; being about 16" 35^ earlier in opposition than in conjunction. 
These observations were made by Olaus Boemer, a Danish astronomer; 
and in 1675 he promulgated the theory, to account for the phenomena, 
that the passage of light from a luminous body is not instantaneous, 
but moves with a certain definite but immense velocity, requiring 16" 
85i*to cross thie earth's orbit. This theory has been universally 
accepted, and certain experiments recently made in France, by M. 
Hzeau and others, have confirmed it. The velocity of light must 
therefore be 184,000 miles a second. For 188,000,000 miles (distance 
across the earth's orbit) divided by 995i (nimiber of seconds in 16" 
36J"), gives 184,000 (nearly). light must therefore require 81 min- 
utes to pass from the sun to the earth. So great a velocity is entirely 
inconceivable. 

m. SATURN, b 

262. Satubn, the second of the major planets, is the 
centre of a very large and peculiar system, being attended 
by eight satelHtes and encompassed by several rings. It 
shines with a dull yellowish light 

a. Name and Sign.— Saturn, in the ancient mythology, was one of 
the older deities, and presided over time, the seasons, etc. He was 
represented as a very old man carrying a scythe in one hand. The 
sign of the planet is a rude representation of a scythe. 

Questions.— a. niuBtration? b. What important discovery made by Roemer? In 
irhat way? What is the velocity of Ughtf 262. General description of Sauunr a. 
^ame and sign f 
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263. The aphelion distance of Saturn is about 921 mil- 
lions of miles ; the perihelion distance, 823 millions ; the 
mean distance being therefore 872 millions. 

a. This is nearly twice the distance of Jupiter, between which and 
Saturn there is a vast space of nearly 400 millions of miles, in linear 
breadth, through which there rolls no planetary body. Light requires 
about 14** to pass from the sun to Saturn. 

264. The eccentricity of Saturn's orbit is nearly 50 
millions of miles, or about .056 of Its mean distance, being 
but little greater, relatively, than that of Jupiter. 

^ 265. The inclination of its obbit to the plane of the 
ecHptic is about 2J° (2° 29' 36"). 

^266. Its SYNODIC PERIOD is 378 days (378.07^), and its 
SIDEREAL PERIOD, 10,759 days or about 29^ years. 

a. For 378.07'»-5-365.25'» = 1.03514 ; and 378 07«»-4- .03514 = lOTSO** 
(nearly). The year of Saturn contains, therefore, about 25,000 of its 
own days. 

, 267. The greatest apparent diameter of Saturn is 21" ; its 
least, 14^". Its real equatorial diameter is about 74,000 miles. 

a. For the least distance from the earth is 823 millions of miles — 
93 mimons = 730 millions, and the sine of 10^" is about .00005038, 
which being multiplied by 730,000,000 will give 37.000 (nearly)— the 
semi-diameter. 

268. The oblateis^ess of Saturn is greater than that of 
any other planet, being a little more than j*^ of its equatorial 
diameter, or 7,800 miles. 

a. Hence its polar diameter is only 66,200 miles : its mean diame- 
ter being 70,100 miles. 

^269. The axial rotation is performed in about 10 J 
^ours (iq»» 29°» 17«). 

a* This was the determination reached by Sir WiUiam Herschel by 

QiTESTiovB.— 263. DiffUnce Arom the Bun ? a, Interral between Jupiter and Satarn ? 
864. Eccentricity? 265. Inclination of orbit? 266. Synodic and sidereal periods? 
a. How computed ? 267. Apparent and real diameters ? 268. Oblateness ? 269. Timf 
of rotation f <f • How and by whom found ? 
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means of obeervations made on the belts which, like those of Jupiter, 
cross the planet's disc. Subsequent obseirations have indicated but 
little yariation from it. 

b» The equatorial velocity of Saturn is, therefore, more than 32,000 
miles an hour : and as its density is very small, being only ^ of the 
earth's, itff oblateness should be, according to the law stated in Art. 

(24\' 
jm ) X V^ = 40i ; that is, 40i times as great as the earth's. 

But siy X 40i = ift4 = -1356 (nearly), or about -ft . So that its observed 
oblateness is much less than it ought to be in accordance with this law. 
The measurement of Saturn's apparent diameter is, however, so diffi- 
cult, in consequence of the rings, that there may be considerable error 
in the statement of its oblateness given above. 

e. Volume, Mass, and Density.— The volume of Saturn as com- 
pared with that of the earth, is (SVi¥)^ = 695^ , and its mass has been 
found to be 90 ,* hence its density is (as above stated), 90 -4- 695 ^ = -/,- 
(nearly), the earth's being 1 ; or 55 X lu =.726 as compared with 
water ; that is, somewhat lighter than oak wood. 

d. Superficial Gravity. — This must be, according to the figures 
above given, (-/sWo)* X 90 =1.15 (nearly). Hence, a body at the sur- 
face of Saturn weighs only about | more than at the surface of the 
earth, notwithstanding the immense size of that planet. 

, 270. The INCLINATION OF ITS AXIS toward the plane of 
its orbit IS about 27° (26° 48' 40"), or a little greater than 
that of the earth. 

a. That is, its axis makes an angle of 27" with B.perpendmUar to its 
orbit. The angle which it makes with the plane of its orbit is 90° — 
27° = 63°. The position of the axis is such that its inclination toward 
the plane of the ecliptic is about 28° lO' ; and like that of the earth 
and those of the other planets, as far as it has been ascertained, the 
axis remains parallel to itself during the orbital motion. 

b. The Seasons of Saturn must therefore be similar to those of 
the earth, but like the year, 29 J^ times as long. 

c. Solar Light and Heat— The distance of Saturn from the sun 

QuBBTiONB.— fc. How does the oblateness* computed by velocity and mass, compare 
mth that found by observation ? c. Volume, mass, and density ? «f. Buperficial grar- 
Ity ? 270. Inclination of axis to the plape of its orbit ? a. To the plan* of the ecliptic ? 
0. Seasons of Saturn ? Solar light and heat ? 
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being more than Oi tunes as great as the earth's, the apparent diameter 
of the son must be less in the same proportion, or 82' -f- 9^ = 8' 22''. 
Henoe the light and heat, considered with reference to distance, must 
be, compared with the earth's, as (202">« to (1920")«, cr as 1 to (9.53)« ; 
that is, only -jr of the earth's. 

.-- 271. Satubn's Belts.— This planet, when viewed with a 
good telescope, appears to be encompassed with dusky belts; 
but they are far more indistinct than those of Jupiter ; and 
instead of crossing the disc in straight lines like those of 
that body, they generally present a curved appearance, — an 
indication of the axial inclination. 

. Urn Sir William Herschel inferred the existence of a dense atmos- 
phere surrounding Saturn, both from the changes constantly occurring 
in the number and appearance of the belts, and the appearance of the 
satellites at the occurrence of occultations. The nearest was obserred • 
to cling to the edge of the disc about twenty minutes longer than 
would have been possible had there been no atmosphere to refract the 
light Indications of accumulations of ice and snow at the poles have 
also been detected, mmilar to those of Mars. 

.-^'272. EiNGS. — Saturn is encompassed by three or more 
thin, flat rings, all situated exactly or very nearly in the 
plane of its equator, 

^^a. History of their Discovery. — ^In his first telescopic examina- 
tion of this planet, Galileo noticed something peculiar in its form. As 
seen through his imperfect instrument, it appeared to him to have a 
small planet on each side ; and hence, he announced to Kepler the 
curious discovery that " Saturn was threefold ;" but continuing his 
observations, he saw, to his great astonishment, these companion 
bodies (as he thought) grow less and less, and finally disappear. For 
fifty years afterward the true cause of the appearance remained un 
known, the distortion of the planet's form being supposed to arise from 
two handles attached to it Hence they were called ansa!, the Latin 
word for handles. Huyghens, in 1659, discovered the real cause of the 
phenomenon, and announced it in these words ; " The planet is sur 
rounded by a slender, flat ring, everywhere distinct from its surface, 



Qinaernoxs.— 271. How do the beltn appear ? a. What indications of an atmosphere ? 
272. What rings encompass Saturn ? a. History of their discovery ? 
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and inclined to tlie ecliptic.'' Th« divimoii of the ring into two waa 
discovered hj an Engflish astronomer in 1065. We liave now certain 
knowledge of tho existence of three rings, and some indications of 
several more. 

^ 273. Two of these rings are very distinctly observed, and 
are designated tho interior and the exterior ring. The former 
is about 16,500 miles wide ; the latter, 10,000 miles. The 
distance of the interior ring from the planet is about 18,350 
miles ; and the interval between these rings, about 1,700 
miles. The thickness of the rings does not exceed 250 
miles, and may be much less. 

a. The diameter of the exterior ring, at the mean distance of the 
planet, subtends an angles of 40^', and is, consequently, nearly 170,000 
miles. It will thus be evident that 1" of angular space at the distance 
of Saturn is equal to nearly 4,250 miles ; so that if the ring were 250 
miles in thickness, it would subtend only about ^", The difficulty of 
determining this precisely will at once be obvious The mass of the 
ring has been computed to be equal to the 118th part of the planet's 
mass, from its effect in disturbing some of the satellites ; and this would 
prove, if its density is equal to that of the planet, that its thickness is 
about 140 miles. 

- 274. Within the interior ring there is a dusky or semi- 
transparent ring, having a crape-like appearance as it 
stretches across the bright disc of the planet. (See Fig. 108.) 

a. None of the early observers noticed this. In 1838, the Prussian 
astronomer, Galle, perceived a gradual shading off of the interior ring 
toward the planet. His announcement of the fact elicited no attention 
until, in 1850, the distinguished astronomer of our own country, 
O. P. Bond, plainly discovered and announced (Nov. 11) the existence 
pf this dusky ring: before, however, the intelligence had reached 
England, the discovery had been made (Nov. 18) there also, by the 
celebrated observer, Dawes. The transparency of this ring was fully 
established in 1862 by Dawes and Lassell. There are also very decided 
indications that this dark ring is also double. 



QunniONs.— 8T3. Principal rings— their dimensionB? a. Diameter of exterior rlnjjff 
TbickucBB of rings? 274. Dusk/ ringf a. History of its diKcorery? 
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Fig. 108 shows the planet as seen by Dawes in 1852. The form and 
partial transparency of the dark ring are clearly represented ; the interval 

Fig. loa 
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between the interior and exterior rings is also visible, as well as the line 
hi the latter, supposed to indicate another division of the rings. 

bt Rotation of the Rings. — It was discovered by Sir William Her- 
schel, by observing certain bright spots seen on the surface of the rings, 
that they rotated on an axis perpendicular to their plane, and very nearly 
coincident with that of the planet. The time of rotation is about 10"» 
32", which is the time required by a satellite situated at a distance 
from the planet equal to the centre of the rings, to perform its revolu- 
tion, according to Kepler's third law. As the planet revolves around 
the sun, the rings constantly remain parallel to themselves. 

e. Stability of the Rings. — Observations of great delicacy have 
shown that the rings are not exactly concentric with the planet, the 
centre of gravity of the former revolving in a small orbit round that 
of the latter ; and Laplace showed that this is an essential condition 
of their stability ; since, if they were precisely concentric, a very slight 
disturbance, such as the attraction of a satellite, would be suflScient to 
destroy their equilibrium and finally precipitate them upon the planet. 

<!• Physical Constitution of the Rings — The rings are evidently 

Qxmnoxs. — h. Rotation of the rings? e. Are the rings concentric with the planet' 
d. Why hart; the rings been supposed to be fluid ? What other hypothesis. 
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opaque^ since they cast a shadow upon the planet and axe in turn 
obscured by that of the planet itself ; and it was, until quite recently, 
thought that they consisted of solid ni|itter. This, however, is now 
generally considered to be at variance both with theory and observa- 
tion ; it being shown that the equilibrium of wjlid rings could not long 
be preserved, except by an arrangement which certainly does not 
exist. Moreover, several subordinate divisions have been remarked in 
the bright rings, portions of which are of a difierent shade, presenting the 
" appearance of four or five concentric and deepening bands," compared 
oy Lassell to the ** steps of an ampitheatre." These shaded bands and 
the lines which separate them do not always present exactly the same 
appearance. The idea has therefore been entertained that the rings 
might he fluid, not only from the circumstances above enumerated, but 
because minute observations disclose the £Eict that the rings have 
become broader and thinner than they were when first discovered. A 
more generally received hypothesis is, that the rings consist of vast 
numbers of satellites revolving around the planet ; and that being 
more sparsely scattered in the dark ring, they reflect the light im- 
perfectly and disclose the bright disc of the planet between them. 
This hypothesis not only explains all the phenomena of the rings, but 
is consistent with other phenomena presented by the solar system, to 
be referred to hereafter. 

275. Appearance of the Rings. — The rings, although 
circular, appear like ellipses because, being inclined to the 
plane of the ecliptic, they are always viewed obliquely. 
They become invisible when the dark side is turned toward 
the earth ; and, when its edge only is presented, are seen, in 
very powerful telescopes, as a mere thread of light, cutting 
the disc of the planet. Sometimes the satellites appear along 
this thread like a series of brilliant beads on a string. 

a. The edge only of the rings is seen when their plane if prolonged 
would pass through the earth ; also when the same plane paeses 
through the sun, so that the edge only is illuminated. In each of 
these cases, the rings must disappear or present only a thread of 
light. They disappear also when their unillumined side is turned 

QuEBTiONS.— 275. Appearance of the rings? When do they disappear? a. Whw 
is the edge only seen ? When is the dark side presented ? 
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toward tlie earth, which must, of coarse, occur when their plane passes 
between the earth and sun, so that the rays of the latter fall only on 
that side of the rings which is turned away from the earth. 
* Pi«. 109. 




BATUSn IN DIFFESBKT PABT8 OF ITS OBBIT. 

Fig. 109 represents Saturn in different parts of its orbit, the direction of 
the axis and the position of the plane of the rings constantly remaining the 
same. At A or £, the time of the planet's equinox, the plane, of the rings 
passes through the sun, so that its edge only is illuminated, wherever the 
earth may be situated, which is to be conceived as revolving in a small 
orbit within that of Saturn. At the solstice C, the southern side of the 
rings is exhibited; and at 6, the northern side. At the intermediate points 
the rings are viewed obliquely. It will be obvious that, owing to the com- 
paratively small size of the earth's orbit, the plane of the rings can pass 
through the earth, or between it and the sun, only a short time before or 
after the equinox, and, as this must occur at each equinox, that the disap- 
pearance of the rings from this cause must occur twice during each sidereal 
revolution of the planet, or at intervals of 14| years. The last disappear^ 
ance took place in 1862 ; the next will occur in 1877. At the present time 
(1867), the northern surface of the rings Is visible. 

276. Satellites. — Saturn is attended by eight satellites, 
seven of which revolve very nearly in the plane of its 
equator, the orbit of the eighth, or most distant satellite, 
making with that plane an angle of 12 J °. T 

a. Names.— The names of these satellites in the order of their dis- 
tances from Saturn, beginning with the nearest, are the following : — 

QuBBTiONB.— 2T6. How many satellites attend Saturn? The situation of their orbits t 
a» How named? 
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1. Mimas, 2. Bneeladui, 8. IWiys, 4. IHo'ne, 5. Bhea, 6. TUan, 7. H^ 
Parian, and 8. Jap'etui, 

b. History of their Diicovery. — Titan was discoyered by Huy. 
ghens, in 1866 ; Tethys, Dione, Rhea, and Japetos, by Cassini, within 
about twenty years afterward ; Mimas and fkicelados, by Sir William 
Herschel, in 1787 and 1789 ; and Hyperion was discovered by Lassell, at 
liver pool, and by Bond, at Cambridge, Mass., on the same eveningi 
September 19, 1848. 

c. The foUowing are their periods and distances from the primary : 





PKBODS. 


DISTAHOEB. 




PSBIOD8. 


DIBTANOEB. 


l.MiXAB 88|' { 121,000 5.BHKA 

2.EM0SLADVB 1<1 9h 1 166,000 6. TlTAH 

8. Tkth YB 1«« 21l» 191,000 i 1 7. Htfebioit 
4. DiONB 2 < IS • 246,000 1 1 8. Japetcb 


4 12^b 

15 23> 
21J 711 
79i 8 


343,000 

796,000 
1,006,000 
2,313,000 



277. The largest of the satellites is Titan, its diameter 
being 3,300 miles, which is larger than that of Mercury. 
The sizes of the others are very much less. 

a. That of Japetus is 1,800 mUes ; Rhea, 1,^00 ; Munas ; 1,000 
Tethys and Dione, 500 ; Enceladus and Hyperion, unknown. 

b. The orbit of Japetus subtends an angle of only 2H' ; so that this 
magnificent system of Saturn with his rings and eight satellites, at 
its immense distance from the earth, is contained within a space in the 
heavens less than one-half the disc of the moon. 

c. In 1862, while the ring was invisible, the rare phenomenon 
occurred of a transit of Titan across the disc of the primary. The 
shadow was observed by Dawes and others. The same phenomenon 
was observed by Sir WiUiam Herschel in 1789. 

d. The variations in the light of Titan indicated to Sir William 
Herschel an axial rotation of the satellite, which, like that of all other 
satellites whose periods have been discovered, is performed in the same 
time as the revolution around the primary. 

278. The celestial phenomena at Satum must present 

QirnBTiONB.— ^. History of theif discovery ? c. Their periods and distances ? STT- 
Which is the largest satellite ? Its size ? a. Diameter of each of the other satellites ? 
6. Space in the heayens occupied by the Saturnian system ? e, Tranrit of Titan ? 97& 
Ceks ial phenomena at Satum? 
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a scene of extreme beauty and grandeur. The starry vault, 
besides being diversified by so many satellites, presenting 
every variety of phase, must be spanned, in certain parts of 
the planet, and durmg diflTerent portions of its long year, 
by broad, luminous arches, extending to different elevations, 
according to the place of the observer, and receiving upon 
their central parts the shadow of the planet. 

IV. URANUS. V 

279. Ubakus was discovered in 1781 by Sir William 
"Herschel. It shines with a pale and faint light, and to the 
unassisted eye is scarcely distinguishable from the smallest 
of the visible stars. 

a* History of its Discovery.— This planet had been observed by 
several astronomers previous to its discovery by Herschel, but had 
been mapped as a star at least twenty times between 1690 and 1771, 
its planetary character not having been discerned ; and even Herschel, 
on noticing that its appearance was different from that of a star, was 
not aware that he had discovered a new planet, but supposed it to be 
a comet, and so announced it to the world, April 19th, 1781. It was, 
however, in a few months, evident that the body was moving in an 
orbit much too circular for a comet ; but its planetaiy character, sug 
gested first by Lexell, in June, 1781, was not fully established until 
1783, when Laplace partly calculated the elements of its orbit This, 
however, does not detract from the merit of Herschel, in making this 
discovery ; for, the attention of astronomers having been called to this 
olject, as one of a peculiar character, and not sidereal, it was a simple 
thing to determine whether it was a planet or a comet. The merit of 
the discovery consisted in that delicacy of observation, that skill in the 
use of instruments, and, more than aU, that unfailing perseverance 
which characterized Herschel, and made him the great astronomer of 
his age. 

Name and Sign. — Herschel proposed to call the new planet 



QuwnovB.— 279. When and by whom wu Uraniw difeovered 7 Its appearance? 
O. Hiatory of its disoorery ? b. Origin of the name and sign? 
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" Qeorgium SiduB," Georgia Star, in compliment to his friend and 
patron. King George IH This name not bemg accepted by foreigQ 
astronomers, Lalande proposed to name it " Herschel/* after its great 
discoverer ; and by this designation it was, for some time, quite gener. 
ally known. The scientific world has now definitely settled upon the 
name, suggested by Bod^, of Uranus, which, in the Grecian mythology, 
was the name of the oldest of the deities, the father of Saturn, as 
Saturn was the father of Jupiter. The name of the discoverer is, 
however, partly connected ^th the planet by the sign, which is the 
letter H with a suspended orb. 

280. The aphelion distance of TJranns is about 1,836 
millions of miles ; its perihelion distance, 1,672 millions ; 
the mean distance being 1,754 millions, which is more than 
19 times (19.183) that of the earth. 

a. The apparent diameter of the sun as seen from Uranus is only l'4V* 
(32' -=-19.183). The soiar light at this planet is, therefore, only equal to 
siir ^ great as it is at the earth; that is, as I to (19.183)'. It most, 
however, be equal to that of 1660 full moons (157, b). Light requires 2 
hours 33j minutes to pass from the sun to Uranus; for 8" X 19.1 83 = 
153.464»=2'' 33J" (nearly). 

b» The distance of this planet from the sun is so vast that the. 
greatest elongation of the earth as seen irom it is only about 2°, That 
of Jupiter is only 16i°, while its apparent diameter is hut little greater 
than that of Mercury as seen from the earth. Even Saturn departs 
only ahout 29° from the sun, its apparent diameter being less than 20". 
The inhabitants of the planet, if any there be, must " therefore possess 
much less opportunity than ourselves to become acquainted with the 
constituent members of the great system to which they belong. 

281. The ECCEi^RiciTY of the orbit of Uranus is about 
82 millions of miles, or about .047 of its mean distance. 

282. The inclination of its orbit is less than that of 
any other planet, bemg only 46 i'. 

QvESTioxs.— 280. What is its distance from the sun ? a. What time does light 
require to pass from the sun to Uranus? Effect on apparent sunrise and sunset? b. 
Elongations and apparent diameters of the planets as seen from Uranus? 281. Ecoen 
tricity of its orbit ? 282. Inclination of its orbit ? 
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a. Nevertheless, so vast is its distance that, at its greatest latitude, 
it may depart from the plane of the ediptie more than 24 Biillions oi 
miles. 

,^-^283. Its SYNODIC PEBiODis 369.65 dajs; and therefore 
iU sidereal period is 30,687 days, or about 84 yearSi 

a. The computation may be made as in the case of the other planets : 
3611.65 -i- 365.25 s 1.012046 +; that is, Uranus performs about .012046 of 
a sidereal revolution during the sjmodic period. Hence, 369.6^ -i- .012046 s 
30,687^ (nearly) is the sidereal period. 

5. In the case of a very distant planet, the sidereal period may be 
readily found by oheervinir the daily arc of movement of the planet 
when in quadrature : for, at that time, the line joining the earth and 
planet is a tangent to the earth's orbit (see Fig. 28X so that, for a short 
time, the earth moves either toward or from the planet, and does not 
affect the apparent motion of the latter ; while its distance is so great 
that its geocentric increase in longitude is ahnost equal to its helio- 
centric. Now, the apparent daily increase of the longitude of Uranus 
in quadrature is 43.38", and 360" ^ 43.28 ' = 80,689, which gives a 
near approximation to the true iridereal period. 

^^^84 The greatest apparent diameter of Uranus is about 
4" ; and as 1", at the least distance of this planet, subtends 
8,350 miles, the real diameter must be 33,400 miles. (By 
more exact calculations, it is found to be 33,247 miles.) 

a. The cblaterieM has not positively heen ascertained. M&dler esti- 
mates it to be as much as I'rj. The volume of Uranus is about 72^ times 
that of the earth ; but its tna^ is only 18 times ; hence its denmtp is 
less than i that of the earth, or about equal to that of water. 

^'285. As the disc of Uranus presents neither belts nor 
spots, the period of its rotation and its axial inclination still 
remain unknown. It is thought, from the positions of the 
orbits of the satellites, that the inclination of its axis is 

QuxsTiONB.— a. Possible distance from tlie plane of the ecliptic ? ?83. Synodic and 
sidereal periods ! o. How calculated ? b. How may the sidereal period be found hy 
the dailj increment of longitude? 281 Apparent and real diameter of Uranns? a. 
OhUtMMWt Volttmo f MasiY Densitj? Sfitk Diurnal rotation? 
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Tery great; and analogy would lead ns to belieye that its 
diurnal period is nearly the same as that of Jupiter or 
Saturn. 
..^^286. Satellites. — Uranus is known to be attended by 
four satellites, which diflfer from all the other planets of the 
solar system, by revolving in their orbits from east to west. 

a. History of their DiBCOvery.— Sir William Herschel, in 1787, 
dlsSoveted the third and fourth satellites, and subsequently announced 
the discoverj of four more ; the first two of these are all that later 
astronomers have been able to find, fdthough every efibrt has been 
made with the best instruments to detect the others. In 1847 two others, 
situated within the orbit of the nearest discovered by Herschel, were 
detected, one by Lassell and the other by 0. Strove. 

b. The following are the names of these satellites, with their periods 
and distances : 



DIBTAKCB8. 




DIBTANCBB. 



1. Abikl 

2. UlfBSXXL 



4i 8|b 



4. Obkms 



SdlTh 
18<I1TJ» 



881,000 
870,000 



c. Their orbits are inclined to ^ plane of that of the primary at 
an Mkgle of 79° ; but, as their motion is retrograde, it seems probable 
that the poles have been reversed in position, that which was originally the 
south pole being north of the ecliptic, and vice versa. The inclination is 
properly, therefore, 101°. 

V. NEPTUNE f 

287. Neptune is the most distant planet known to belong 
^^ the solar system. It was first observed in 1846 by Dr. Galle 
at Berlin ; but its existence had been predicted, and its posi- 
tion in the heavens very nearly ascertained by the calculations 
of M. Leverrier, in France, and Mr. Adams, in England ; 
these calculations being based upon certain observed irregu- 
larities in the motion of Uranus. 

QunnoN&— 286. How many satelUtes attend Uranus? Direetion of their orbital 
motion? n. History of their discovery ? b. Names, periods, and distanoee ? «. Poet 
Mob of their orbits and poles ? 887. By whom, «nd how was Neptvne disconrfd.? . . 
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,^ n. History of its Discovery.—The discoveiy of this planet was 
one of the proudest achieyements of mathematical science in its appli- 
cation to astronomy, and afforded a more striking proof of the truth of 
the great law of universal gravitation than had previously been asce^ 
tained. After the discovery of Uranus, in 1781, it was ascertained that 
the planet had several times been observed by astronomers, and its 
place recorded as a star. These positions of the planet could not, 
however, be reconciled with those recorded after its actufd discovery ; 
and observation soon showed that its motion was at certain points 
increased, and at others diminished, by some force acting beyond it 
and in the plane of its orbit. These facts suggested the existence of 
another planet, revolving in an orbit exterior to that of Uranus, and, 
according to Bode's law, extending nearly twice as far from the sun. 
Adams and Leverrier almost simultaneously undertook to find, by 
mathematical analysis, where this planet must be in order to produ-^ 
these perturbations. The former reached the solution of this wonder- 
ful problem first, and, in October, 1845, after three years of toil, 
communicated to Mr. Airy, Astronomer Royal, the result. pointin|^ out 
the position of the planet and the element^ of its orbit. The sibarch 
for the planet was not, however, commenced until Leverrier published 
the result of his labors, which was found to agree so closely with that 
attained by Adams, that astronomers both in France and England 
prepared to construct maps of the part of the heavens indicated, in 
order to detect the planet. 

In this they were anticipated by the Berlin observer, who, being 
informed by Leverrier of the result of his computations, and having 
by a fortunate coincidence just^received a newly prepared star-map .of 
the 2lBt hour of right ascension (the part of the heavens designated by 
Leverrier), immediately compared it with the stars, and found one of 
them missing. The observations of the following evening, by detect- 
ing a retrograde motion of this star, established its true character. It 
was the planet sought for, and, wonderful to relate, was found only 
52' from the place assigned by Leverrier. He had also stated its appa- 
rent diameter at 8.3'' ; it was found by actual measurement to be 3". 
Adams's determination of the place of the supposed planet differed 
from the true place by about 2°. 

6. Name and Sign. — This planet, according to the system of 
mythological designations, was, after considerable discussion, called 

QutSTiovB.— a. Circumstances connected with itB diseoyeryY How nearlj was tti 
true place predicted ? b. Name and sign ? 
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Jieptune. The iign is the head of a trident — the peculiar symbol ol 
this deity. 

.^ 288. The aphelion distance of Neptune is 2,770 mil- 
lions of miles ; it« perihelion distance, 2,722 mllUons ; its 
mean distance being 2,746 millions. 

a. ThiB is about 80 times the distance of the earth ; but according 
to Body's law, it should have been 38.8 times ; so that this remarkable 
relation of the pi^ets, &iling in this instance, ceases to be a law, and 
becomes, apparently, only a curious coincidence. 

6. So immense is the distance of Neptune that only Saturn and 
Uranus can be seen from it. If there are astronomers, however, on the 
planet, they must haye much better opportunities than ourselves for 
becoming acquainted with the distances of the stars ; since, at oppo- 
site periods of their long year, they are situated at positions in space 
about 5.500 millions of miles apart. 

c. Since the distance of Neptune from the sun is 30 times that ot 
the earth, light requires 8" X 30 = i"*, to reach that planet 

289. The eccentricity of the orbit of Neptune is about 
24 millions of miles, which is only .0087 of its mean dis- 
tance; so that it is, relatively, but little more than one-half 
that of the earth's orbit 

^ 290. The inclination of its orbit to the plane of the 
ecliptic is very small, being only 1|° (1° 47'). 

a. The sine of 1° 47' is .031 : hence Neptune, when at its mean difr 
tance from the sun, and at the point of greatest latitude north or south 
of the ecliptic, must be more than 85 millions of miles from the plan* 
of that circle ; for, 3.746,000,000 X .031 = 85426,000. 
--^291. Its SYNODIC PERIOD is about 367^ days (367.48234) , 
hence itB sidereal period is 60,127 days, or about 164^ 
years. 

a. It is more difficult to calculate the sidereal periods of these 

QtJimoiT8.<-888. Aphelion, perihelion, and mean distenees? a. Does it agree with 
BodS^t Uw ? b. Which planets can be seen at Neptnne ? e. How long does light 
reqnire to pass fW>m the sun to Neptnne? 389. Eccentricity of its orbit? 290. Incli- 
nation ? a. How fkr may it depart fhnn the plane of the ecliptic? How is this calco* 
laM? an. Byaodte period? SlderMl period ? «. How calculated? 
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remote pltbets; tince the sjnodic period is so nearly equal to the side* 
real period of the earth, that the fraction of a revolution performed 
daring the latter is very small. In tUe case of Neptune it is a little 
oyer .0061118; that is, 367.48234* -^ 365,25*= 1.0061118 +; and 367.- 
48234*H- .0061118 = 60,127 days (nearly). 

292. The apparent diameter of Neptune when greatest 
is 2.9" ; hence its real diameter must be nearly 37,000 miles. 

a. For the least distance of Neptune from the earth is 2,722 millionB 
— 93 millions = 2,629 millions ; now the sine of 2.9^' is .000014 ; and 
2^629 miUions multiplied by this small fraction will give 86,806 mile& 

b. Volume, Mass, and Density.— The volume of Neptune, if cal- 
culated by the method previously explained, will be found to be very 
nearly 99 times as great as that of the earth, and consequently is only 
about iV as large as Jupiter. Its mass is nearly 17 times (16.76) as 
great as the earth's [Prof. Peirce] ; consequently its density roust be 
about i that of the earth, or somewhat more than ^ as heavy as water. 

c. Solar Light and Heat. —The apparent diameter of the sun as 
seen at Neptune must be a little more thanl' ; for, 32' -^ 30.037 (ratio of 
of Neptune's distance to the earth's) -= 64' (nearly). Hence, the sun at this 
planet looks but little larger than Venus ; but its light is vastly more 
brilliant. For, since the intensity of light varies inversely as tne 
square of the distance, and (30.037)* = 902 (nearly), the light at Nep- 
tune must be ^J^ of that at the earth, and hence is nearly equal to 
that of 670 full moons (157, b). This is probably as great as that 
which would be produced by 20,000 stars shining at once in the firma- 
ment, each equal to Venus when its splendor is greatest. 

93. A SATELLITE of this planet was discovered by Lassell 
in October, 1846, and was aftenvard observed by several 
other astronomers. 

a. Prom obse^^'ation8 made about the same time the existence of 
another satellite was suspected, as well as a ring analogous to that of 
Saturn ; but the most diligent and careful scrutiny with very powerful 
telescopes has failed to detect any indications of the truth of these 
conjectures. 

Questions.— 292. Apparent diameter of Neptune? Its real diameter? a. How 
found? b. Its volume, mass, and denstty? c How great is the intensity of solar 
light and heat? How found? 293. By whom and when was the satellite discovered f 
a. What conjectures as to another satellite, etc. ? 
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6. XMitanoe of the Satellite^— The obflervatioiiA made hy eminent 
aetronomen (principally those of M. Struye, Mr. Lassell, and Mr. 
Bond) have shown that the greatest elongation of the satellite tiom 
its primary is 18", the apparent diameter of the la&ter being at the 
same time 2.8". Hence its distance mnst be 18" -i- 2.8" = 6f diame* 
ters, or 12f radii, of the planet : and 18,600 X 12? =288,000 miles^ or 
about the same as the moon's distance from the earth. 

c Inclmation, Period, and Rotation.— The orbit of thissatelbtels 
nearly drcoiar, and is inclined to the orbit of Neptune in an angle of 
29**. Its motion, like that of the satellites of Uranus, is retrograde, or 
tom east to west. Its sidereal period, as determined by Lassell at Malta, 
in 1852, is S** 21**. Periodical changes in its brightness were observed 
by Lassell, which indicated that this satellite, like others in the sys- 
tem, rotates on its axis in the same time that it revolves around its 
primary. 

^^^^tf. Are there Planets beyond Neptmie? — This is a question 
which we are at present entirely unable to answer. Future genera- 
tions may, with greater resources of science and mechanical skill, 
disclose new marvels in our system, and detect other bodies obedient 
to the dominion of its great central sun. The nearest of the stars is 
known to be nearly 7,000 times as far from Neptune as that body is 
from the sun ; and it is by no means improbable, therefore, that so 
vast a space should contain planetary bodies reached by the solar 
attraction, but very far beyond the sphere of any other central lumi- 
nary. It will require, however, tar greater means than we possess to 
bring this to a practical determination. 

Questions.- 6. What is the distance of this satellite from the priaiary? Hov cal 
calated ? e. Its inclination of orbit? Orbital revolutioii — ^period and direction ? Axial 
rotation ? d, is Neptune ths remotest planst t 



CHAPTER XIV. 

THE MINOR PLANETS, OR ASTEROIDS, 

^ 294. The minor planets are a large number of small 
bodies revolving around the sun between the orbits of Mars 
and Jupiter. The number discovered up to the present 
time (1873) is 128. 

-^ a. IMBCOvery of Ceres and PallaB.— The existence of so large an 
interval between Mars and Jupiter, compared with the relative dis- 
tances of the other planets, for a long time engaged the attention and 
incited the researches of astronomers. Kepler conjectured that a 
planet existed in this part of the system, too small to be detected ; and 
this opinion received considerable support from the publication of 
Body's law in 1772. When Uranus was discovered, in 1781, and its 
distance was found to conform to this law, the German astronomers 
became so confident of the truth of this bold^ conjecture of Kepler, that, 
in 1800, they formed, under the leadership of Baron de Zach, an asso- 
ciation of 24 observers to divide the zodiac into sections and make a 
thorough search for the supposed planet. This systematic exploration 
had, however, been scarcely commenced, when, in 1801, Piazzi, an 
Italian astronomer, while engaged in constructing a catalogue of stars, 
detected a new planet. It was called by him Cere%: In the next year, 
while looking for the new planet, Olbers discovered another, which he 
called PaXUis, 

— 6. Discovery of Juno and Vesta— Theory of Olbers. — ^The ex- 
treme minuteness of the new planets, and the near approach of their 
orbits at the nodes, led Olbers to suppose that they might be the frag- 
ments of a much larger planet once revolving in this part of the 
system, and shattered by some extraordinary convulsion. Believing 

QuuTioxB.— 294. What are the minor planets ? Their namber ? a. How and by 
vhom were Ceres and Pallas discovered ? ft. Juno and Vesta ? Theory of Olbers ? 
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that other fragments existed, and that they must pass near the nodes 
of those already found, he resolved to search carefully in the direction 
of those points ; but while he was thus engaged, Harding, of the 
observatory of Lilienthal, discovered,* in 1804, very near one of those 
points, a third planet, which he called Juno. Olbers, still further stim- 
ulated by this event to continue the investigation which he had 
eommenoed, was at length, in 1807, rewarded by discovering a fourth 
planet, Vetta, near the opposite node. From this date until 1845, no 
additional discovery was made. These small planets were called 
Asteroids by ^[erschel, from their resemblance, in appearance, to stars. 

c. IMscovery of the other Blinor Planets. — In 1845, M. Hencke, 
an amateur astronomer of Driessen, after a series of observations con. ., 
tinued for fifteen years with the use of the Berlin star-maps, discovered 
Astrcsa, the fifth of this singular zone of telescopic planets. The 
others have been discovered in the following order : In 1847, Hebe, 
Iris, flora; 1848, Metis; \%^,Hygeia; 1850, Partken'ope, Victoria, 
and Egeria; 1851, Irene and Bunomia; 1852, Psyche, Thetis, MeU 
pom'eni, Fortu'na, MassUia, Lutetia, CalH'opi, and ThaU'a; 1853, 
Th^is, Phoce'a Proserpina, and Euterpe; 1S54, Bello'na, Amphi- 
trite, Uranid, Ewphros'yne, Porno' na, and Polyhym'nia ; 1855, dree, 
Zeueo'thea. Atalan'ta, and Fides ; 1856, Le'da, Lcetita, ffarmonia, 
Daph'ni, and Iris; 1867, Ariad'ni, Ny'sa, Eugenia, Hestia, Mel'ete, 
Aglaia, Doris, Pd'les, and Virginia; 1858. Neman' sa, Eurofpa, Co- 
yp'so, Alexandra, and Pandora; 1859, Mnemos'yni; 1S60, Concordia, 
Dan'aS, dympia, Erato, and Echo; 1861, Ausonia, Angelina, Opbele, 
Ma'ia, Aria, Hesperia, Leto, Panope'a, Feronia, and Mdbe; 1862, 
(Uyt'ie, Galatea, Euryd'ici, Fre'ia, and Frig'ga; 1863, Di£Lna and 
Euryn'omi; 1864, Sappho, Terpsieh'ori, and Alcmi'ni; 1SQ5, Beatrix, 
Cii'o, and lo; 180G, Stintli, St/lria, This'bi, Julia, AiUi'uj-e, J^gi'tui; 1867, 
Undi'na, Mine/va, Aurora, Arethu'sa. [For othera, see Table, page 276.] 
The largest number discovered in any >ingle year is eleven (in 1868 and 
1872;. 

<!• Names of the Discoverers. — Dr. Luther, at the observatory of 
Bilk, near Dusseldorf, has discovered no less than 16, and is at the 
bead of planet discoverers; Mr, Herman Goldschmidt, an amateur 

Qut:8TTOT*8.— r. What time elapsed before AstraBit was discovered ? Mention those 
discorered lu each subsequent year. In what year were the largest number discov- 
ered? Who has discovered the greatest nnmber? d. What- other discoverers arc 
named 1 How many of the minor planets were dlicoyered iu the XJuitud States ? Hov 
are these bodies designated T 
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astronomer of ParU, has discovered U ; Mr, Hindy a disdngaished English 
astronomer, 10; De Gagpcaris, at Naples, 9; M, Chacomac, at Marseilles 
and Paris, 6 ; Mr. Pogson, an English astronomer, 7 (3 at Oxford, and 4 
at Madras); Dr, C. H. F. Peters, zX Clinton, N. Y., 16; M. Bordbf, at 
Naples, 5; M. TempeU at Marseilles, 4; Mr, Ferguson^ at Washington, 3; 
Mr. Watson, at Ann Arbor, Michigan, 13 ; Mr. Tuttle, at Cambridge, 
Mass./ 2; several other obseryers, 1 or 2 each. Thirtj-five of these 
planets have been discovered in this country. The minor planets are now 
generally distinguished by numerals according to the order of their dis- 
covery. Several of these bodies were discovered by two or more observers 
independently. 

•— 295. The avebage distance of these planets from the 
sun is about 260 millions of miles. That of the nearest, 
Flora, is about 201 millions; that of the most distant, 
Sylvia, is nearly 320 millions. The entire width of the zone 
in which they reyolve is, however, about 190 millions of miles. 

^ 296. The inclination op their orbits is very diverse ; 
more than one-third of the whole have a greater inclination 
than 8"", and consequently extend beyond the zodiac. The 
greatest is that of Pallas, amounting to 34° 42' ; the least, 
that of Massilia, which is only 41'. 

297. The eccentricity of their orbits is equally variable ; 
the most eccentric being that of Polyhymma, which is 
.337, or more than one-third ; the least eccentric is that of 
Europa, which is only .004, or tjI q. 

a. These orbits are not concentric ; but if represented on a plane 
surface, would appear to cross each other, so as to give the idea of 
constant and inevitable collisions. '' If," says D' Arrest, of Copenhagen, 
" these orbits were figured under the form of material rings, these rings 
would be found so entangled, that it would be possible, by means of 
one among them taken at a hazard, to lift up all the rest/' The orbits 
do not, however, actually intersect each other, because they are situ- 
ated in different planes ; but some of them approach within very short 

QuxBTiONB.— 295. Average distance? Which is the nearest? The farthest? 290. 
Inclination of their orbits ? How many beyond the zodiac ? The most inclined ? The 
least? 297. Eccentricity? Greatest? Least? a. Position of their orbits ? 
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dlstanoes of each other. The orbit of Fortnna, for example, approaches 
the orbit of Metis within leas than the moon's distance firom the earth. 
This is also tme of the orbits of Astrsea and Maawilia, and those of 
Lutetia and Juno. 

•^ 298. The largest of the minor planets is PallaSy the 
diameter of which is variously estimated at from 300 to 700 
miles. These bodies are generally so small that it is quite 
impossible to measure their apparent diameters, or to say 
which is the smallest. The brightest of these planets is 
Ve8ta J the faintest, Atalanta. Vesta, Ceres, and Pallas 
haye been seen with the naked eye, having the appearance 
of very small stars. 

— 299. The sidereal period of Flora is 3] years; that 
of Sylvia is about 6^ years. The average period of the 
whole is about 4^ years. 

^-^ a. Origin of the BSinor Planets. — The theory of Olbers has 
already been alluded to ; it supposes that these little planets are the 
fragments of a much larger one, which by an extraordinary catastro- 
phe was, in remote antiquity, shivered to pieces. Prof. Alexander 
has endeavored to compute the size and form of this planet. He sup- 
poses that it was not of the form of a globe, but shaped like a lens 
or wafer, the equatorial and polar diameters being respectively, 70,000 
miles and 8 miles ; that the time of its rotation was about 8^ days ; 
and that it burst in consequence of its great velocity, as grindstones . 
and fly-wheels sometimes do. This theory of an exploded planet has 
not been generally accepted, since it is highly improbable, and sup- 
ported by no analogous facts. 

y b. Nebular Hypothesis. — This was invented by Laplace to account 
for the formation of the solar system by the operation of ordinary 
physical laws. He conceived that the matter of which the various 
bodies belonging to this system are composed, originaUy had an enor- 
mously high temperature and existed in the condition of gas or vapor, 
filling a vast space ; that as this mass cooled, and, of course, unequally, 
currents were formed within it, which, tending to different points or 



QuisTioivs.— 29a Which is the largest of the planets 7 The hrigfatest ? The fkintestf 
299. Average sidereal period? Longest? Shortest? «. Origin of the minor planets! 
4steroid planet ? b. Nehnlar hypothesis? 
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centres, gave it finally a slow rotation ; that this increased bj degrees, 
until the centrifugal force exceeded the attraction of the central mass, 
and a zone or ring became detached, of a lower temperature, but still 
vaporous or liquid; and that thus successive rings were formed, which 
breaking up as they rotated, the parts finally came together and 
formed spheroidfd masses revolving around the original mass. If these 
rings condensed without breaking up they would continue to revolve 
as rings, like those of Saturn ; if, on the other hand, they broke up 
into small parts, none sufficiently large to attract all the others, they 
would condense into fragments and continue to revolve as small 
planets, like the asteroids. The larger planet masses, being still in a 
vaporous condition, would, as they cooled and condensed, throw off 
rings like the original mass ; and in this manner either satellites or rings 
would be formed. The residue of the original nebulous mass he con- 
ceived to be the sun. 

Such is a brief outline of this celebrated and most ingenious 
hypothesis, — an hypothesis which every subsequent discovery has 
seemed to harmonize with and confirm. Whatever theory be adopted 
to account for the development of the solar system and thh exist- 
ence of this zone of small planets, it must not be forgotten that the 
infinite power and intelligence of the Great Creator could alone 
have brought them into being. The only question is, In what way did 
He exert this power, and in what manner did He ordain that all these 
wonderful orbs should come into existence as witnesses of His omnipo- 
tence and benevolent design. 

c. Decrease in Brightness of the Successive Oroups. — The 
"^brightest of the minor planets seem to have been discovered, for each 
successive group is less conspicuous than those preceding it. The 
first ten resemble stars of the eighth magnitude [the brightest stars 
are of the first] ; the las||^en are but little brighter than stars of the 
twelfth magnitude. It is not anticipated, therefore, that others will 
hereafter be detected with the readiness and frequency which have 
marked the discoveries of the last ten years. The labor required in 
the discovery of these little bodies is almost inconceivable. The 
most successful discoverers have attained the object of their efforts 
only after mapping down every minute star in certain zones of the 
heavens; and to do this required a patient and toilsome watching 
during every clear night for many months. 

Qusmovs.— o. What decrease in brightnesa is referred to ? Difficulties in discover* 
Ing'tiieM bodlet T 
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MUTUAL ATTRACTIONS OP THE PLAITETSI 

800, The PLANEiSy while revolving around the sun, 
constantly disturb each othert motions, and thus give rise 
to numerous irregularities, similar to those which take 
place in the revolution of the moon around the earth. 

301. These irregularities are called inequalities or per- 
iurbaiions. They are either periodic or secular y the former 
requiring short, the latter very long periods of time for their 
comp]#'on. 

a* Problem of the Three Bodies. — To compute the exact place 
of a planet at any time requires that all the inequalities due to the 
disturbing action of other planets should be taken into account ; and 
to do this has tasked to the utmost the highest powers of the human 
intellect. The problem is, however, simplified by the fact that, as the 
sun's attraction is so much greater than that of the other bodies, the 
place of the planet can be found by first supposing that it revolyes in 
an exact elliptical orbit, and then calculating the amount of disturbance 
due to each other planet in succession ; the aggregate of the results 
thus obtained giving the proper correction to be applied in order to 
ascertain the true place. This has been calk^he The Problem of the 
Three Bodies, hecaaae it involves the investigation of the motion of 
one body revolving around another, and continually disturbed by the 
attraction of a third. To determine, therefore, all the inequalities to 
which any planet is subject, it is necessary to solve this problem sepa- 
rately for every other planet by which it may be disturbed. Its 
complete solution surpasses the powers of the most skillful mathe- 
matician. 

QuWTiowt.— 300. Hoir do the planets disturb each other ? COl. What are the Irregn. 
laritlM oaUed ? Of hoir many kinds t a. What is the '' Problem of the Thra« Bodiser 
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302. The ELEMENTS OF A plaxet's orbit axe the facts 
which it is necessary to know in order to determine the 
figure, size, and position of the orbit. They are — 1. 
The position of the line of nodes ; 2. The inclination of the 
orUt to the plane of the ecliptic ; 3. The place of the peri- 
helion; 4 Tlie eccentricity; 5. Tlie major axis. 

a. Elements 1, 2, and 3 determine the position of the orbit ; 4, its 
figure ; and 5, its size. In order to find the place of the planet, it is 
necessary also to know the periodic timey and the place of the planet at 
any particular epoch. 

6. Heliocentric and Qeocentric Place. — The true position of a 
planet is that in which it would appear to he situated if viewed from 
the sun, that is, its Jidiocentric place ; hence, one important point in 
ascertaining a planet's true position is to deduce its heliocentric place 
from its geocentric place, or situation as seen from the earth. 

-^ 303. The only invariable element is the length of the 
major axis ; every other, in the case of each planet, under- 
. goes certain small changes, such as those which have been 
described in the orbits and motions of the earth and moon. 
a* Thus the indinationa of the orbits of Mercury, Venus, and 
Uranus are increasing ; those of Mars, Jupiter, and Saturn are dimin- 
ishing ; the greatest variation being that of Jupiter, which is 23" in a 
century. A similar variation occurs in the positions of the nodes and 
perihelion, and in the amount of eccentricity. In the case of the earth, 
as has been stated (Art. 125, c), the latter is diminishing ; and this is 
also true of Venus, Saturn, and Uranus ; while that of Mercury, Mars, 
and Jupiter is increaang. The greatest variation is that of Saturn, 
which is about .00031 of its mean distance in a century. This is rela- 
tively about 7i times as great as that of the earth, and amounts 
absolutely to about 2,700 miles a year; while the absolute annual 
variation ^of the earth's eccentricity is only 36J miles. All these 
changes are confined within certain very narrow limits, after reaching 
which they occur in an opposite direction. 



QuamoNS.— 302. ifhat arc the elements of a planet's orbit ? a. What is determined 
by them ? What else must be known to determine a planet* s place ? ft. What is meant 
by the belioeentrie and geocentric placet of a planet ? 208. Which dement isinyarisble? 
«. What examples are given of yariable elements ? ' ' 
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_. -304 The motions of the planets are retarded oi 
accelerated by their mutual attractions, according to their 
positions with respect to each other and to the sun ; but as 
action and reaction are equal and in opposite directions, 
whenever one is accelerated the other which acts upon it 
must be retarded. 

Thus, in Fig. 93, page 151, tlie planet at M must have its motion accel- 
erated by that of the earth at E, while the latter must be retarded ; hut the 
acceleration of M is greater than the retardation of E, because the disturb- 
ing force at M acts more nearly in the direction of the planet's motion. 
After conjunction this is reversed ; the motion of the earth being accelerated 
and tliat of the planet retarded. 

a. U the planets' orbits were exactly circular, the amount of accel- 
eration in one part of the orbit would be counterbalanced by the 
retardation in the other, and the irequalities would, in a synodic 
period, cancel each other ; but as the orbits are elliptical, the successive 
conjunctions must occur at different parts of the orbits, where the plan- 
ets are at different distances from each other ; so that the inequaUties 
must increase while the conjunctions occur in one part of the orbit, 
and diminish while they take place in the other. If the conjunctions 
always occurred in the same part of the orbit, the inequalities would 
constantly accumulate, and the system would be destroyed. This is 
nearly the case with Jupiter and Saturn. 

h. Great InequaUty of Jupiter and Saturn.— The periodic times 
of Jupiter and Saturn are respectively 4,332 days and 10,759 days ; and 
hence, 5 of the former are nearly equal to 2 of the latter ; so that, in 5 
revolutions of Jupiter, or about 59 of our years, the conjunctions take 
place at nearly the same points of their orbits. The synodic period of 
these two planets is 19.86 years ; and during*the 17th an^ i8th cen- 
turies the conjunctions constantly occurred almost ^t their points 
of nearest approach to each other, so that Jupiter'p f^riod appeared to 
be shortened and Saturn's lengthened, grQPlly to the perplexity of 
astronomers, till Laplace demonstrated X\% cause. Similar coincidences 
exist in the periods of Venus and th.? earth, but the disturbance accu- 
mulates only for a short period. Jt will be obvious,^ therefore, that the 
. — '*' ^ — ■^ ' 

QUEBTION8.-304. Howaretlie fhottons of the planets accelerated or retarded i* tt. 
Effect in circular orbl^is? Id eHiptical orblti? &. Great inequality of Jnpiter ar>d 
Saturn— what W TDeimt hy ttf 
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stability of the system) since the orbits are not circular, depends on the 
periods' being incomtnenBurable. 

305. Since the attraction of gravitation is reciprocal, the 

sun is attracted by the planets, and each primary planet is 
attracted by its satelhtes ; and, therefore, instead of revolv- 
ing one around the other as a centre, they in fact revolve 
around their common centre of gravity, 

a» By the centre of gratiity of two or more bodies connected together 
in any way, is meant the point around wliich they all balance each 
other. The centre of gravity of the solar system moves In a small 
and very irregular orbit, since it results from the joint action of all the 
planets Its distance from the centre of the sun can never be equal to 
the diameter of the latter ; and within this limit the centre of the sun 
must revolve around it 

,,.--^ 306. Masses op the Planets.— The amount of attrac- 
tion exerted by one body upon another is an exact measure 
of its mass. The masses of the planets that are attended 
by satellites are found by comparing the attraction of the 
sun upon the planets, with the attraction which they exert 
themselves upon their satellites. The masses of the planets 
not attended by satellites are found by ascertaining the 
amount of disturbance which they occasion in the motions 
of bodies in their vicinity. 

a. Comparative Masses of the Sun and Planets.— To determine 
these it will be most convenient to resort to simple algebraic represen- 
tation. Let M be the mass of the sun, and m that of the earth ; F and 
/i their respective attractions, P and p, the periodic times of the 
earth and moon, and D and d^ their distances. Then, by the law 
of gravitation, the ratio of the attractions is eqanl to the direct ratio of 
the masses multiplied by the inverse ratio of the squares of the distances. 

That ^' 7 = — X pg ; lience, ^dividing by — ^ ^ we have - = ? X 

QuissnoNB.— 305. Do the planets revolve around the %\xxnu a centre t a. What is 
meant by the centre of gravity ? What is the shape and magnitade of the sun's orbit, 
and the orbit of the Centre of gravity ? 806. What is the general method of determin- 
ing the masaes of the planets ? ct. How to find the comparative maBSes of the sun and 
planets ? What calculation is made for the sun and earth ? The earth and Saturn ? 
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•^ . But it can be shown by simple geometry that the forces are 

directly as the distances and inversely as the squares of the periodic 

tmies. That is, ^ = ^ X ^« • Therefore by substitution, — = -- 
jar* ma* 

n- 
X ^, ; that is, the ratio of the masses is equal to the direct ratio of the 

cubes of the distances multiplied by the inverse ratio of the sqtuires of the 
periodic times. Hence the mass oi the sun (that of the earth being one) is 

(91430 000\^ / 27 3 \^ 
"^38,^/ ^ V365::2"5/ ~ ^^^'^^ ^"^^^ nearly) In this calcula- 
tion, we take no account of the attraction of the earth upon the sun 
or of the moon upon the earth ; but this is so small that it would 
not affect the result materially. 

The above formula Is applicable to the case of any planet that Is 
attended by satellites. Thus, the masses of the earth and Saturn may 
be compared by the periodic times and disiances of the moon and any 
of the satellites of Saturn. The distance of Dione is 245,846 miles, and 
its periodic time about 66 hours; hence the cube of the ratio of the 
distance of this satellite and that of the moon multiplied by the 
square of the inverse ratio of their pcriodiL- times, or (|J4f oo)* ^ (V»^)'» 
will jrive the mass of Saturn, the earth beinjj 1. By performing the work 
the result will be found to be 89 +, which is very nearly correct. 

The mass of the sun as compared with the earth can also be found 
by finding the force of gravity at the stirfacs of the earth and compar. 
ing it with the force of the sun uppn the earth, as determinod by the 
distance and orbital velocity of the latter. 

6. From the third of the above formulae it is obvious that ":« = - X :ii 

a^ m p* 

and this is evidently applicable to planets revolving around the same cen- 
tral body. But in that case, the mass being the same, - becomes equal 

to 1 ; and, therefore,-^3 = ^^ ; that is, t7i^ squares of the periodic 

times are in propoiiion to the cubes of the mean distances ; which is 
Kepler's great law. 



Question.— 6. What demonttratioii of Kepler's third \aM Is given? 
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COMETS. 

^^ 307, Comets are bodies of a nebulous or cloudy appear- 
ance that revolve around the sun in very eccentric or 
irregular orbits, and are generally accompanied by a long 
and luminous train, called the taxt 

^ 308. They generally consist of three parts; the nucleus, 
or bright and apparently solid part in the centre ; the coma, 
or nebulous substance which envelops it; and the tail, 
which extends on the side from the sun. 

a. The name eomei is derived from this nebulous appearance which 
the ancients fancifully likened to hair [in the Gi-eek, «wi^], and hence 
called these bodies eametCB, or hairp bodies. When the luminous train 
precedes the comet, it is sometimes called the heard. 

b* The appearance of comets is not uniform, the same comet chang- 
ing' very much at different times. Some comets have no nucleus, 
others, no tails; while still others have several tails. 

€• These bodies when at a long cUstance from the earth and sun are 
distinguished from planets by the size and position of their orbits, and 
the direction of their motions. Uranus, it will be remembered, was 
for some time thought to be a comet, and was recognized as a plane- 
tary body only after its orbit had been proved to be almost circular, and 
nearly in the plane of the ecliptic. 

309. Comets either revolve around the sun in elliptic 
orbits, or move in curve lines called by mathematicians joara- 
iolds and hyperbolas. Elliptic comets may be considered as 

QirESTiO7TB.>-307. What are comets? 308. Of what parts do they consist? «, 
Origin of the name ft. Is the appearance of a comet uniform ? c. How distinguished 
from planets ? 809. In what kind of orbits do they revolve ? 
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belonging to the solar system ; the others, only as visitants 
of it, since they come from distant regions of space, move 
around one side of the sun, and then pass swiftly away in 
paths that never return into themselves, but are constantly 
divergent 



]<ic. iia 
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ORBITS or C0MXT8. 

a. These paths are curve lines of peculiar properties ; they are called 
" conic sections," because they may be formed by cutting a cone in 
various ways. Thus, if a cone be cut by a plane paraUel to its base 
the curve formed wiU be a circle ; if both sides of the cone be cut 
obliquely by a plane, the curve will be an ellipse ; both of these curves 
are continuous lines, returning into themselves. But if the cone be 
cut by a plane paraUd to either side and intersecting the base, the curve 
formed wiU be a parabola ; and if a plane be passed through the cone 
so as to intersect the base at an angle greater than that of the plane 
of the parabola, the resulting curve wiU be a hyperbola. The parabola 
and hyperbola are not continuous but divergent curves ; hence they 
do not return into themselves. The parabola is like an ellipse with 
only one focus, or an eccentricity infinitely great ; and when only a 



Question - 



Conic sections? 
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portion of it is given, it Ib very difQcult to dittinguiflh ii from an ellipse. 
The hyperbola is more easily distinguished, because its arms or branches 
are more divergent. 

In Fig. 110 these three kinds of paths are represented ; A and P being the 
aphelion and perihelion of an elliptic orbit ; a P &, the two branches of a para- 
bolic path ; and (? P tf, those of a hyperbolic path. The greater divergency 
of the last will be obvious; also, that the elliptic and parabolic curves coincide 
from 1 to 2, so as to be entirely undistinguishable. The motion indicated 
by the arrows is direct. 

310. The ELEMENTS (rf a comet's orbit are, 1. The longitude 
of the perihelion ; 2. The longitude of the dscending node; 
3. The inclination to the plane of the ecliptic; 4. The eccen- 
tricity; 5. The direction of the motion; 6. The perihelion 
distant from the sun. 

311. The elements of more than 240 cometary orbits have 
been computed ; and of these only 19 are known to be elliptic, 
and 5 hyperbolic. The remainder are either parabohc, or 
elliptic of very great eccentricity. 

a* Besides the 19 elliptic comets mentioned, there are 37 that are 
believed to be elliptic although they have not been proved to be so ; 
and 11 others more doubtful. There are also 10 doubtfol hyperbolic 
comets ; leaving, out of 242 comets whose elements have been com- 
puted, 160 with parabolic orbits, or orbits having an eccentricity too 
great to be ascertained with accuracy. 

^^312. The ELLIPTIC comets are divided into two classes ; 
those of short periods and, those of long periods. The for- 
mer are seven in number, and have all reappeared several 
times, their identitv being satisfactorily established by an 
entire correspondence of their elements. The most noted 
of these is the comet of Encke, the period of which is about 
3^ years, eighteen returns of it having been recorded. 

a. The others are De Vieo*8, the period of which is 5i years ; Win* ' 
necke'8, 5i years , Bror sen's, 5| years ; Bida% 6i yeajs ; D' Arrest's, 



QUESTiOKB. — 310. What are the elements of a comet' 8 orbit? 311. How many have 
been calculated ? a. Different kinds of orbits ? 312. Classes of the elliptic comets? a. 
Which are of short period? 
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d| years ; Faye*$, 1\ years. These comets are named after the distiii' 
guished astronomers who first discovered them, or determined their 
periods and predicted their returns. Several others are thought to be 
comets of short periods. 

b* These comets have oompai-atively small orbits, the mean distance 
of each being less than that of Jupiter, and all revolving within the 
orbit of Saturn. The inclination of the orbits is comparatively small, 
the average being about 12^'*. The greatest is 31°, and the least 3". 
They all revolve from west to east. They are not conspicuous objects, 
but have been generally visible only with the aid of a telescope. • 

313. With the exception of a few comets, the periods of 
which have been computed to be about 75 years, all the 
remaining elliptic comets are thought to be of very long 
periods, some more than 100,000 years. 

a* The comet of 1744 is estimated to require nearly 133,000 years 
to complete one revolution ; that of 1844, 102,000 years ; and the great 
comet of 1680, about 9,000 years. The period of a comet can not, how- 
ever, be ascertained with precision during one appearance, since only 
a very small part of its orbit is described during the short time it 
remains visible. There is, consequently, considerable uncertainty in 
these determinations. To the great comet of 1811, the two periods of 
2,301 and 3,065 ^ears have been assigned. 

314. Of all the comets whose orbits have been ascertained, 
about one-half are direct, that is, revolve from west to east; 
the remainder are retrograde. Their inclinations are very 
diverse, some revolving within the zodiac, others at right 
angles with the ecliptic. 

a. There is a decided tendency in the comets of short period to revolve 
in orbits but little inclined to the ecliptic, while the greatest namber of 
comets are found moving in or near a plane inclined 60" to the ecliptic. 
Most of the elliptic and hyperbolic comets are direct; of the parabolic, 
retrograde. 

h. About three-fourths of all the comets have their perihelia within 
the orbit of the earth ; and nearly all the others, within the orbit of 



QuEBTiONS. — h. Size and inclination of the orbits ? 31 3. Comets of long period ? «r. 
Examples? 814. Direction of the motion of comets? a. Tendencies of the perlo01« 
eomets ? b. Situation of the perihelia ? Aphelia ? How found ? 
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the nearest asteroid. Only one is situated more tlian 400,000,000 
miles from the sun. Some comets, on the other hand, come into close 
proximity to the sun. The great comet of 1680 approached within 
600,000 miles of it ; and that of 1843 was less than 75,000 miles. The 
aphelion distances of some of these comets are inconceivably great. 
The comet of 1811 recedes to a distance from the sun equal to 14 times 
that of Neptune, or more than 40,000 millions of miles ; the greatest 
known (that of 1844) must be nearly 400,000 millions of miles. 

The aphelion distance can be found from the eccentricity and peri- 
helion distance. The latter in the case of the comet of 1844 is about 
80,000,000 miles ; the eccentricity, .9996 of the semi-axis. Hence 1 — 
^996 =.0004 of the semi-axis must be the perihelion distance; and 
80,000,000 -f- .0004 = 200,000,000,000 = semi-axis. 

c. The velocity of comets as they move through their perihelia is 
amazingly great. That of 1680 was 880,000 miles an hour ; and that 
of 1843, about 1,260,000 miles an hour, or 350 miles i^er second. The 
lattex* body swept around the sun from one side to the other in about 
two hours. 

^"^ 315. The NUMBEB of comets is supposed to be very great. 
From the earliest period up to the present time more than 
800 have been recorded, of which nearly 300 have had their 
orbits computed, and of the latter 54 have been identified 
as returns of previous comets. 

a. Since it is only within the last 100 years that optical aid has 
been made available in searching for comets, it is supposed that the 
actual number of comets that have come within view, in both hemi- 
spheres, is not less than 4,000 or 5,000. M. Arago estimates that the 
greatest possible number in the solar system can not exceed 350,000. 

^^ — 316. The SIZE of comets, including both envelope and 
nucleus, very much exceeds that of the largest planet ; the 
nucleus is, however, comparatively small, the diameter of the 
largest measured being about 8,000 miles (that of 1845). 

a. The nucleus of the comet of 1858 (Donati's) was 5,600 miles in diam- 
eter ; that of 1811, only 428 miles. The coma of the latter was found to 

QuEsnoKS.— «. Velocity of comets? 315. The number of comets ? «r. Probable 
number that have Tiaited, or that belong to, the system? 318. Size of comets? «• 
Examples ? Change of Rise at diiferent timea? 
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be 1425,000 miles ; and that of Encke, 281,000 miles. The dimensions 
of comets, however, vary greatly at different parts of their orbits, con- 
tracting as they approach the sun, and expanding as they recede from 
it. Thus Encke's comet in October, 1888, was more than 250,000 miles 
in diameter ; but in December, contracted to 3,000 mUes. 

317. The MASSES and densities of the comets must be 
inconceivably small; since, notwithstanding their great 
magnitudes, they move among the planets and their satel- 
lites without in the least, as far as it can be observed, 
aflFecting their motions ; although they are themselves greatly 
disturbed by the attractions of the planets. 

a* Their densities are, without doubt, many thousand times less than 
atmospheric air. Stars are seen very clearly through the nebulous 
coma and train of a comet, notwithstanding that the light has to pass 
, sometimes through millions of miles of the substance. 

318. The TAILS of comets are bffcen of immense length, 
and are generally of a bent or curved form, extending on the 
side from the sun and nearly in a line with the radius- 
vector of the orbit. The tail increases in length as the 
comet approaches the sun, but attains its greatest dimensions 
a short time after the perihelion passage, and then gradually 
diminishes. 

a. In respect to magnitude, the tails of comets are the most stupen 
dous objects which the discoveries of astronomers have presented to 
our contemplation. That of the comet of 1680 was more than 100,000,- 
000 miles in length , while the comet of 1843 presented a train 
200,000,000 miles long, which was shot forth from the head of the 
comet in the incredibly short space of twenty days. The increase of 
the tail and the decrease of the head of the comet as it approaches the 
sun, are among the most striking phenomena presented by these bodies 

}>• The tails of comets are not of uniform breadth, but diverge or 
spread out as they extend from the head. The middle of the tail 
usually presents a dark stripe which divides it longitudinally into two 
parts. This appearance is usually explained by the supposition that 

Question s.— 317. Masses and densities r a. Why is the density thought 1» be small ? 
818. Position and length of tails? a. Examples? Change in length at different times? 
b. Appearance of tails ? How explained 7 
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the tail is hollow, being a kind of conical shell of vapor ; and as we 
look through a considerable thickness of the vapor, at the edges, it 
appears brighter there than in the middle where the quantity is com- 
paratively small. 

Cm The diminution of the size of comets as they approach the sun is 
probably to some extent only apparent'; since their substance must 
necessarily be vaporized as they approach the sun, and much of it so 
attenuated as to become invisible. There is no doubt also that a consid- 
erable portion is exhausted in the formation of the tail ; and that as 
the comet moves in its orbit it loses by disruption considerable portions 
which pass away into space. 

. 319. Observations with the polariscope have shown that 
the tails of comets shine by reflected light; but that the 
nucleus and coma emit quite a strong ra&iance of their own. 

a» If the head of the comet shone by reflected light alone, its appar- 
ent brightness would be inversely proportional to the product of the 
squares of the distances from the sun and earth ; but this is contrary 
to observation. Donati's com^t (that of 1858), according to this rule, 
should have been 188 times as bright when near its perihelion in Octo- 
ber as it was in June ; whereas it was actually 6,800 times as bright, its 
own light having increased in the ratio of 83 to 1. 

b. Some astronomers suppose the nucleus to be a solid, partially or 
wholly converted into vapor by the intense heat of the sun ; others, 
that it is of the same nature as the coma, only more dense. It was the 
opinion of Sir William Herschel, and is still a very generally accepted 
one, that the nucleus is surrounded with a transparent atmosphere of 
vast extent, within which the nebulous envelop floats like clouds in 
the earth's atmosphere. This nebulous matter appears to be con- 
tinually driven off" by some force emanating from the sun, and thus 
forms the luminous train. At their perihelia comets must generally 
be subjected to a heat far more intense than would be required to melt 
the hardest substance foimd on the surface of the earth. Prof. Norton 
thinks that the tail is formed by two streams, in opposite magnetic or 
electric states, expelled from opposite points, or poles, of the nucleus, 
and bent back by the sun's repulsive force until they nearly meet, being 
separated by only a narrow interval, which appears as the dark stripe 
noticed in the tail. 

QUFBTI0K8.— 4!. Change In the size of comets — how explained ? 819. Are comets self* 
laminoas ? a. Why thought to be so ? h, Natnre of th« nucleus and the tall ? 



«16 



COMETS. 




REMARKABLE COMETS. 

320. Comet of 1680.— This was the comet that Newton 
subjected to the calculations by which he showed that these 

jijg^ 12L bodies revolve in 

one of the conic 
sections, and that 
they are retained 
in then- orbits by 
the same force 
that binds the 
planets to the 
sun. It was very 
osEAT ooifCT or i«8o. remarkable for 

its splendor, and for the extent of its train, which stretched 
over an arc of 70° in the heavens, and reached the amazing 
length of 120,000,000 miles. With the exception of the 
comet of 1843, it approached nearer to the sun than any 
other known, and moved through its perihelion with a 
velocity of 880,000 miles an hour. 

a. Its perihelion distance is .0062 (the earth's distance being 1), and 
its eccentricity, according to Encke, is .99998 Now, 91,500,000 X 
.0062 = 567,300; and 1 — .99998 = .00002. Hence 567,300 ^ .00002 = 
28,365,000,000/ which is its semi axis ; and if we multiply this by 2, 
and subtract the perihelion distance from the product, we shall find 
the aphelion distance, which is equal to nearly 57»000 mUlions of miles 
The period corresponding to this orbit is 8,814 years. Some ascribe to 
this comet a much shorter period; and others, a hyperbolic orbit. 

321. Halley's Comet. — This comet derives its name 
from Sir Edmund Halley, a celebrated English astron- 
omer, who calculated its orbit and predicted its return. It 
appeared in 1682, and Halley noticing a close resemblance 



Questions.— 320. Hoir is the eomet of 1680 described ? a. Its distftnce and period? 
321. Halley^s comet? 
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in its elements to those of ^^k- h^ 

1531 and 1607, concluded 
that the comets of these 
years were diflFerent appear- 
ances of the same comet, and 
ventured to predict its re- 
appearance in 1758 or 1759. 
This prediction was real- 
ized by the return of the 
comet in March, 1759; and 
it again appeared in 1835. 
These diflFerent appearances, hallktb <»m«i, issr 

it will be observed, were about 75 years apart ; and others of 
an earlier date have also been recognized. 

a. History of the Prediction.— This celebrated prediction of 
Halley may lie considered almost the first fruits of Sir Isaac Newton's 
demonstration of the laws of planetary motion as contained in his 
famous work, the Principia, published in 1687. The comet of 1682 
had been an object of interest to both HaUej and Newton, and its 
path had been calculated by Picard, Flamstead, and others. It occur- 
red to Halley that this comet might be identical with others previously 
recorded ; and fortunately the comet of 1607 had been observed by 
Kepler and Longomontanos, and that of 1531, by Apian at Ingolstadt ; 
the path in each case being quite accurately determined. The coinci- 
dence which HaUey noticed in these paths gave him confidence in the 
prediction which he made. He observed, however, that as the comet 
in the interval between 1607 and 1682, passed near Jupiter, its 
velocity must have been increased and its period shortened ; so that 
the next interval would be 76 years or upward, and the comet would 
^tum at the end of 1758 or the beginning of 1759. Subsequent 
researches gave increased force to this prediction ; for it appeared that 
comets had been seen in 1456 and 1378, whose path^ seemed to have 
been nearly identical with that of the comet of 1682. 

6. The Prediction Realized.^ — As the time drew near, the attention 
of the scientific world was awakened to the subject ; and it was 



Qmnoxa-Mr. History of the prediction? h. How WM it realiMd ? 
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reBolved to compute more exactly th6 time of the comefa appearance, 
by applying all the additional resoorces of mathematical science that 
seventy-fiye years had brought forth. This was a gigantic undertaking, 
since it was necessary to calculate the distance of each of the two 
planets, Jujnter and Saturn, from the comet, and the exact amount of 
their disturbance, separately, for every successive degree, and for two 
revolutions of the comet, or 150 years. Clairaut and Lalande, two 
French mathematicians, undertook the work, the latter being assisted 
in the arithmetical portion of it by Madame Lapaute ; and after six 
months spent in calculations, from morning to night, this enormous 
problem was solved, and the day of the comet's return to its perihe- 
lion was announced. This was April 11th. It actually passed its 
perihelion March 13th, or about 32 days previously to the predicted 
time. Clairaut, However, stated In announcing his prediction that the 
comet might be accelerated or delayed by the attraction of an undis- 
covered planet beyond the orbit of Saturn, thus anticipating, in 
ima^nation, the discovery of Uranus which Herschel made 22 years 
afterward. Halley did not live to witness the realization of his 
prediction, having died in 1742. 

c. The Return in 1836. — ^The time of its perihelion passage in 
1835 was computed by several mathematicians, the mean of all the 
results being November 12th. The comet was observed to pass its 
perihelion on the 16th of that month. It continued visible in the 
southern hemisphere for several months, and then disappeared, not to 
be seen again imtil 1911. 

d* The mean distance of this comet is a little less than that of Uranus. 
Its perihelion distance is about 60 millions of miles; its aphelion 
distance more than 3,200 millions. Its motion is retrograde, and the 
inclination of its orbit about 18°. History shows that it has reg- 
ularly returned during a period of more than 18 centuries, its first 
recorded appearance being in 11 B.C. It seems however, to have been 
a far more conspicuous object in its ancient visitations than at its more 
recent returns. In 1066 and 1456, it was an object of immense size 
and splendor, aad created wide-spread alarm. 

322. Encke's Comet is remarkable for its short period and 
frequent returns. Its period and elliptic orbit were deter- 

Qun«xoiVB.—e. Return in 1885? <I. Distance, etc .? 892. Encke^s eometf 
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mined by Professor Enoke s^- i is. 

at its fourth recorded ap- 
pearance in 1819. Its 
last return took place in 
1868 ; the next will occur 
in January, 1872. This 
comet has generally ap- 
peared without any lumi- 
nous train ; but in 1848, . 
it had a tail about V 
long, turned from the 
sun, and a shorter one directed toward that luminary. In 
its latest returns it has been very faint and difficult of 
observation. 
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a. Mass of Mercury. — The return of 1838 led to the establishment 
of an important fact. In August, 1835, this comet passed very near 
Mercury ; and Encke showed that, if Laplace's value of Mercury's mass 
were correct, the comet's motion would be greatly disturbed ; but as 
this was found not to be the case, it was obvious that the received 
determination of Mercury's mass needed correction. A much lower 
value has since been adopted ; but astronomers do not entirely agree 
as to this elements Encke's value is about -|^ that of the earth ; but 
Leverrier's is a little more than ^hi- Laplace's had been about ^. 

6. The Resisting Medium. — A still more interesting discovery has 
been evolved from observations of this comet. Professor Encke found 
that at each return, the arrival of the comet at its perihelion took 
place about 2i hours earlier than the most exact calculations predicted , 
and that this constant acceleration had amounted since 1786 to about 
2i days. As this could not be attributed to the disturbing influence of 
any unknown body, he conceived" that it could be caused only by a 
retisting medium filling the interplanetary spaces ; since the effect of 
such a medium would be to diminish the centrifugal force, and thus 
bring the body nearer to the sun : so that its orbit would be con» 
tracted and its periodic time made constantly shorter. A very ethereal 
fluid would be suflBcient to produce this result in the case of a body so 
light as a comet ; while it would have no appreciable effect on the 

QUK8TION6. — a. How vas tbe mass of Mercury found ? h. Resisting mediam ? 
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planets on acoount of their great mass and enormous momentmn. A 
similar acceleration takes place in the case of Faye's comet. 

323. Lexell's Comet. — This body is particularly noted 
for the amount of disturbance which it has suflFered in pass- 
ing among the planets. From observations made in 1770, 
Lexell calculated its period at about 5^ years ; and it was 
a large and bright object, the diameter of its head being 
about 2J°. It has, however, never been seen since, its orbit 
having been entirely changed by planetary disturbance. 

a. Investigation showed that it really returned in 1776, but was so 
situated as to be continually hid by the sun's rays ; that in 1779, it 
passed so near Jupiter that its orbit was greatly enlarged, so that it no 
longer comes near the earth. The £Eu;t that it never appeared previous 
to 1770, is accounted for in a similar way ; its orbit having in 1767 been 
changed by the attraction of Jupiter, from one of large to one of small 
dimensions. On July 1st, 1770, the distance of this comet from the earth 
was less than 1,500,000 miles. 

i^- 114. 324. Comet of 1744.-^ 
This was the finest comet 
of the 18th century, and 
according to some ob- 
servers, had six tails spread 
out in the form of a fan. 
Euler calculated its ellip- 
tic orbit, and assigned to 
it a period of 122,683 
years. Its motion was 
direct 

COMET OF 1T44 325. Biela's Comet.— 

This is one of the elliptic comets of short period ; its perihcv 
lion lying just within the orbit of the earth, and its aphelion 
a little beyond that of Jupiter. The orbit of this body 




QTJF8TION8.— 323. Lexell's comet— why noted ? a. How accounted for ? 324. Comet 
of 1744? 325 Bielas comet? 
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nearly crosses the actual path of the eai*th ; and in 18S2, 
Olbers calculated that it would come within 20,000 miles of 
the earth, so that the latter body would be enveloped m its 
mass. The earth, however, did not reach the node until one 
month after the comet had passed it. 

a» In 1845, this comet became elongated in form and finnlly sepa. 
rated into two comets, wliich traveled together for more than three 
months ; their greatest distance apart being about 160,000 miles. The 
two parts were again seen at the next return of the comet in 1852, but 
the interval had increased to 1^50,000 miles. It has not been seen since 

Fis.116. 
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326. Comet of 1811. — This comet was very remarkable 
for its unusual magnitude and splendor. It was atten- 
tively observed by Sir William Herschel, who describes it as 
having a nucleus 428 miles in diameter, which was ruddy in 
hue, while the nebulous mass surrounding it was of a blu- 
ish-green tmge. Its tail was of peculiar form and appearance, 
extending about 25°, with a breadth of nearly 6°. 

«• The investigation of its elements by Argelander is the most com- 
plete ever made. He assigns it a period of more than 3,000 years, and 
estimates its aphelion distance at 40,121 millions of miles. 

^ 327. Comet OF 1843.-This comet was also remarkable for its 

QiniSTiONS.~rr. Its separation? 326. Comet of 1811? a. Its elements ? 327, Comet 
•flMS? 
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extraordinary size and splendor^ it being visible in some parta 
of the world during the day time. It had a tail 60° long, and 
approached within a very short distance of the sun, — ^about 
75,000 miles from its surface. Its period is variously esti- 
mated at from 175 to 376 years. Its motion is retrogi'ade. 

328. DoNATi's Comet. — This is the great comet of 1858, 
named after Donati, by whom it was first seen at Florence. 
As it approached its perihelion it attained a very great mag- 
nitude and splendor, and was particularly distinguished for 
the magnificence of its train. Its period has been estimated 
at nearly 1,900 years. 

329. Eecent Comets. — About thirty comets have ap- 
peared since that of Donati, the elements of which have 
been calculated. The most remarkable were the comet of 
1861, described as one of the most magnificent on record, 
having a tail 100° long ; and that of 1862, which was very 
interesting for the pecuhar phenomena which it presented 
of luminous jets, issuing in a continuous series from its 
nucleus. 

QuEsnoNt.^328. Donating oomet? 829 Other comets. 
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HETEOBS OB SHOOTING STABS. 

^^ 330, Meteobs* or shooting stabs are small luminous 
bodies that move rapidly through the atmosphere, followed 
by trains of lights and quickly vanishing from view. They 
sometimes appear in numbers so great as to seem like 
showers of stars. 

, a; Star-Showers Periodical. — These star-showers are found to 

occur at certain period& Every year, about November 14th, there is 
a larger &I1 than usual of ineteors ; but about every 83 years, it has 
been noticed, there is a great star-shower. Those which occurred in 
November, 1866-7, had been predicted from observations of previous 
events of the kind. Thus a star-shower occurred in November, 1882-3, 
also in 1799 ; and there are eighteen recorded observations of the phe^ 
uomena from 1698 to 902, all corresponding in period to that mentioned 
above. 
^ h. Qreat Star-Showera.— The shower of 1799 was awful and sub- 
lime beyond conception. It was witnessed by Humboldt and his 
companion, M. Bonpland, at Cumand, in South America, and is thus 
described by them : — *' Toward the morning of the 13th of November, 
1799, we witnessed a most extraordinary scene of shooting meteors. 
Thousands of hclidM and falling stars succeeded each other during four 
hours. Their direction was very regularly from north to south ; and 
from the beginning of the phenomenon there was not a space in the 
firmament, equal in extent to three diameters of the moon, which was 
not filled every instant with bolides or falling stars. AU the meteors 



* From the Qreek word rmieoTa^ meaning thmg% in thMair. 

Qunnost.~330, What are ineteors? a. What periods have been observed In thelf 
oeenmnoef 6. What instances of great showers ? 
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left loxninouB tracea, or phoepboreacent bands behind them, wbidi 
lasted aeven or eight aeconda." The aame phenomena were witneaaed 
throughout nearly the whole of North and South America, andin aome 
parte of Europe. The moat aplendid diaplay of ahooting atara on 
record waa that of November 13th, 1883, and ia eapeciallj IntereatiDg aa 
having aerved to point out the periodidtj in theae phenomena. Over the 
northern portion of the American continent the apectacle waa of the 
moat impoaing grandeur ; andin manj parta of the country the popula- 
tion were terror-atricken at the awfulnesa of the acene The ignorant 
slavea of the aouthem Statea auppoeed that the world waa on fire, and 
filled the air with ahrieka of horror and criea for mercy. The ahower 
of 1836 waa anticipated with great intereat ; and in New York and 
other placea arrangementa were made to announce the occurrence, 
during the night of November 14th, by ringing the bella from the 
watch-towera. The diaplay, however, waa not witneaaed in thia coim- 
try, but in England waa quite brilliant ; aa many aa 8,000 being 
counted at the Greenwich obaervatory. Another ahower of leaa extent 
occurred in November, 1867. 

331. Meteobic epochs are particular times of the year 
at which large displays of shooting stars have been observed 
to occur at certain intervals. The principal of these are 
November 13th-14th, and August 6th-llth. 

a. Three othera have been eatabliahed with conaiderable certainty ; 
namely, in January, April, and December, and atiU othera indicated, 
that are doubtful. There are 56 meteoric daya in the year; thoae in 
Auguat and November being the richeat. 

b. Auguat Meteora. — Of 315 recorded meteoric diaplaya, 63 aeem 
to have occurred at thia epoch. The firat eleven, with one exception, 
were obaerved in China, between 811 A.D., and 933 A.D., and occurred a 
few daya previoua to Auguat lat. The period of thia ahower ia exaxrtly 
the aame aa the aidereal year ; and therefore it occura about a day later 
in 71 tropical or civil yeara. Ita maximum period ia much longer than 
that of the November meteora, being eatimated at 105 yeara. 

332. Meteors are supposed to be small bodies collected in 

Qhmtions.— 331. What are the principal meteoric epochs? o. What others f How 
many meteoric days in a year? b, August meteors— dates of their ocoarrenee and 
periods ? 882. What are meteors supposed to be ? 
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rings or clusters, and revolving around the sun in eccentric 
orbits. They appear to resemble comets in their nature and 
origin, and, like those bodies, sometimes revolve from cast 
to west. 

r 

^ a. Origin of Meteors. — The immense velocity of these bodies, 
which is about equal to twice that of the earth in its orbit, or 86 miles 
a second, and the great elevation at which they become visible, the 
average being 60 miles, indicate that they are not of terrestrial, but 
eosmical, origin ; that is, they emanate from, the interplanetary regions, 
and being brought within the sphere of the earth's attraction, precipi- 
tate themselves upon its surflBice. Moving with so great a velocity 
through the higher regions of the air, they become so intensely heated 
by friction that they ignite, and are either converted into vapor, or, 
when very large, explode and descend to the earth's surface as mete* 
oric stones, or aerolUes* The brilliancy and color of meteors are 
variable ; some are as bright as Venus or Jupiter. About two-thirds 
are white ; the remainder yeUow, orange, or green. 

6« Number of Meteors. — The average number of shooting stars 
seen in a dear, moonless night by a single observer is 8 per hour ; a 
sufficient number of observers would perceive 30 per hour, which is 
equivalent to 720 per day, seen by the naked eye at any point of the 
earth's surface, if the sun, moon, and clouds were absent. But the 
number visible over the whole earth is about 10,500 times that seen at 
a single point ; and therefore the average number daily entering the 
atmosphere, and sufficiently large to be seen by the naked eye, is more 
than 7^ millions; while at least 50 times as many can be seen through 
the telescope ; so that about 400 millions must descend to the earth 
during each day. It becomes therefore an interesting question how 
much foreign matter may be added to the earth and its atmosphere by 
these meteoric falls. 

333. Fire balls are large meteors that make their 
appearance at a great height above the earth's surface, 
moving with immense velocity, and accompanied by luminous 

*From the Greek word aer, meaning the air^ and lUkos^ a stone. 

QUE0TIOV8. — a. Their origin ? Cause of their ignition ? Aerolites ? Color of jb^ 
Won ? : b. Number of meteors? 333. What are fire halls ? 
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trains. They generally explode with a loud noise, and 
sometimes descend to liie earth in large masses. 

a. No deposit has been known to reach the earth from ordinal/ 
shooting stars ; probably, because beings very small they are dissipated 
in the air ; but scarcely a year passes without the fall of aerolites in 
some parts of the earth, either nngly or in clusters. Some. estimate 
the whole number that fall annually at 700; others, much hlg^her. 
The most ancient £eJ1 of meteoric stones on record is that mentioned 
by Livy, which occurred on the Alban Hill, near Rome, about the year 
654 B.C. There are very many remarkable occurrences of this kind 
on record, some of the masses being of inmiense size, and the explo- 
sion so violent as to sound like thunder. In 1783 a fire ball of 
extraordinary magnitude was seen in Scotland, England, and France. 
It produced a rumbling soimd like distant thimder, although its height 
was SO miles when it exploded. Its diameter was estimated at about 
half a mile, and its velocity was as great as that of the earth in its orbit. 
In 1859, between 9 and 10 o'clock A.M., a meteor of immense size was 
seen in the eastern part of the United States. Its apparent diameter 
was nearly equal to that of the sim ; and it had a train several degrees 
in length, plainly visible in the sunshine. Its disappearance on the 
coast of the Atlantic was followed by several terrific explosions. Some 
of these meteors have been supposed to pass the earth, moving away 
into space ; others to revolve in an orbit around it, becoming small 
satellites. A French astronomer assigns to one of the latter a period of 
revolution of 8 hours and 20 minutes, and a distance from the earth of 
5,000 miles. 

6. Composition and Size of Aerolites. — The materials composing 
these bodies are always nearly the same, conosting largely of iron, 
and in no case of any other elementary substances than are foimd on 
the earth. Some have been discovered of immense size ; one, a mass 
of iron and nickel, found in Siberia, weighs 1,680 lbs. At Buenos Ayres 
there is a mass partly buried in* the ground 7i feet in length, and sup- 
posed to weigh about sixteen tons. A similar block, weighing about 
six tons, was discovered a few years ago in Brazil. Many others exist 
All these are doubtless of cosmical origin, having been very small 

QuxsTions.— a. Frequency of the fall of aerolites? Earliest recorded instance f 
Remarkable instances ? Do they all reach the earth? 5. Composition of aerolites? 
Their tise ? Additions to the earth, Yenas, and Mercury from this oanse? Eflbct on 
Meronry*s period? 
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planets revolving around the Bnn, but brought within the earth's 
attraction ; and there is no doubt that, before the solar system had 
reached its present condition, the additions made to the matter of 
the earth in this way were quite considerable. This is supposed 
trtill to be the case with Venus and Mercury, moving as they are 
through the thicker portions of the great ring which we call the 
zodiacal light Now, as Mercury's orbit is very eccentric. It receives at 
its aphelion a large number of these meteors whose periods are longer 
than its own ; and this would have the effect to diminish its mean 
motion and lengthen its period. Such an effect has actually been 
discovered. 

-. c. Meteoric Dust, etc. — ^There are on record many instances of 
showers of dark -colored dust, which have &llen from the higher 
regions of the atmosphere, and which seem from the composition of 
the dust to be of meteoric origin. These falls are often preceded or 
Attended by a flashing of light as well as by a loud noise, sometimes 
resembling thunder. In March, 1813, a shower of red dust fell in 
Tuscany, discoloring the snow which then lay on the ground ; and at 
the same time, a few miles distant, there occurred a shower of aero- 
lites, lasting about two hours, and accompanied by a noise as of the 
dashing of waves. The phenomena of black and red rain and maw are 
attributed to a similar cause. Since, as has been shown, several mil- 
lions of meteors pass into the atmosphere during the year, there is no 
doubt that large quantities of dust, too fine to be visible, descend to 
the earth's surface. Some of this dust has been detected upon the 
tops of mountains in soil which had never been previously disturbed 
by man. Partial obscurations of the sun's light, occasioning what are 
recorded as dark days, and the passage of large black masses across 
the sun's disc, too rapid to be spots, are probably meteoric phenomena. 

334. The Novembeb meteors are supposed to revolve 
around the sun in an orbit of. considerable eccentricity, 
inclined to the plane of the ecliptic in an angle of 17^^ 
and extending at its aphelion somewhat beyond the orbit of 
Uranus, its perihelion being very nearly at that of the earth. 
They move in a ring of unequal width and density, the 

QuxBTiONB.— e. Showers of dnst f Black and red rain f 834. Orbit of the Norember 
netoorsf Why viriWe diUy erery 88 years? 
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thickest part crossing the earth's orbit every 33 years^ and 
requiring nearly two years to complete the passage. 

a. The elements of this orbit oorreBpond almost preciselj with 
those of the comet which made its appearance in January, 1866 ; qo 
that it seems probable that the comet is a very large meteor of the 
November stream. The elements of the orbit of the August meteors 
have been found, in a similar manner, to coincide with those of the 
third comet of 1862 ; showing that the comet and these meteors belong 
. to the same ring. This seems also to be true of the first comet ol 
1861 and the April meteors. 

6. The point from which the November meteors seem to radiate is 
in the constellation Leo ; because, as the earth at that time of the year 
is moving toward that point, they appear to rush from it. Their veloc- 
ity appears to be double that of the earth, although only equal to it ; 
because they move in an opposite direction and almost in the same 
plane. When the earth plunges into the meteoric stream a great star- 
shower occurs. 

c. Physical Origin. — Meteors are supposed by some to be small 
fragments of nebulous matter detached in vast numbers from the 
larger masses which are seen in the regions of the stars, or from 
that of which the solar system was originally formed, their origin 
being precisely the same as that of the comets, which indeed may 
be considered as, in reality, only meteors of vast size. It is also 
probable that, like Biela's comet, others have been divided and 
subdivided so as finally to be separated into small fragments moving 
in the orbit of the original comet, and thus constituting a meteoric 
ring or stream. 

d. The following general conclusions with regard to meteors in the 
solar system have been suggested : 1. Biela's comet in 1845 passed very 
near, if not through, the November stream, and was probably divided 
in this way ; 2. The rings of Saturn are dense meteoric streams, the 
principal or permanent division being due to the disturbing influence 
of the satellites : 3. The asteroids are a stream or ring of meteors, 
the largest being the minor planets which have been discovered ; 4. 
The meteoric masses encoimtered by Encke's comet may account for 
the shortening of the period of the latter without the hypothesis of a 
resisting medium. 

QuMTioNs.— «. Resemblance to comets? 6. Radiant point of November meteors? 
o. Physical origin of the meteors? d. OeDerallsations with regard to meteors in the 
•oUrsTStem? ^ 



CHAPTER XVIII. 



THE STARS. 

"' 335. The stars are luminous bodies like the sun, but 
situated at so vast a distance from the earth that they seem 
like brilliant points, and always in nearly the same positions 
with respect to each other. 

— a. The scintillatioii or twinkling of the stars is due to the 
inequalities in density, moisture, etc., of the different strata of the 
atmosphere through which the rays of light pass. In tropical regions, 
where the atmospheric strata are more homogeneous, this scintillation 
is rarely ohserved ; so that, as remarked by Humboldt, " the celestial 
vault of these countries has a peculiarly calm and soft character." 

h. Parallax of the Stars. — The usual method of finding the par- 
allax of a body by viewing it at different parts of the earth's surface 
is entirely useless in the case of the stars, as the displacement thus occa- 
sioned in tho positions of any of them is utterly inappreciable ; the 
radius of the earth at a distance so immense being practically but a 
mathematical ix)int. If, however, we view the same star at intervals 
of six months, our stations of obsc^rvation will be about 180 millions 
of mUes apart ; and the amount of disf lacement thus occasioned, when 
reduced to the centre of the orbit, is the stellar parallax, called some- 
times the annual par aUaac. 

-+-^6. The ANNUAL PARALLAX is the change which would 
take place in the position of a star if it could be viewed 
from the centre of the orbit, instead of the orbit itself. 
a. In other words, it is the angle subtended by the semi-axis of the 



-V- 



QuxETiONs.— 335. What are the stars? a. Cause of the scintillation ? 6. Parallax of 
the stars, how found? 386. Hov is annnal parallax defined? er. Greatest parallax? 
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earth's orbit at the distance of the star. The greatest parallax jet 
discovered in the case of az^j star is somewhat less than 1" (0.9187"), 
BO that the earth^s orbit itself is but little more than a mere point at 
the nearest star. To determine this small parallax exactly is prob* 
ably the most difficult problem in practical astronomy. 

6. Distance Calculated.— The sine of 0.9187 ' is about .000004464, 
which is the ratio of the semi-axis of the earth't orbit to the distance 
of the star. Hence the distance of the star must be 224,000 times the 
semi-axis of the earth's orbit, or 91^ millions of miles ; and 91,500,000 
X 224,000 = 20,496,000,000,000 miles, or nearly 20} trillions of miles. 
Light, moving with a velocity of 184,000 miles a second, requires more 
than 3} years to pass across this enormous interval, — an interval more 
than 7,000 tipies the distance of Neptune from the sun. However 
large the stars maybe, therefore, their attraction upon the solar system 
must be altogether too feeble to disturb the motions of its component 
bodies in the least. The parallax of twelve stars has been determined 
with considerable precision, the smallest being 0.046", or about one- 
twentieth that mentioned above ; this star must therefore be about 
410 trillions of miles from us, — a distance which light would not traverse 
in less than 70.3 years. 

337. Magkitudes. — The stars are divided into classes 
according to their apparent brightness, the brightest being 
distinguished as stars of the first magnitude, the next of the 
second, and so on. Stars of the first six magnitudes' are visi- 
ble to the naked eye ; but the telescope reveals the existence 
of others so feeble in hght as to be classed as of the seven- 
teenth magnitude. 

a. This classification is based exclusively on appearance, and indi- 
cates nothing as to the real magnitudes of the bodies in question. Sir 
John Herschel gives the following comparative estimate of the amount 
of light emitted by stars of the first six magnitudes : 



6th magnitude = 1 
6th " =2 

4th " =6 



3d magnitude = 12 
2d " =26 

Ist " = 100 



QuxsnONB.— 5. Distance of the stars, bow calcalated ? Of how many stars has 
the parallax heen found? The least? 837. Magnitudes of the stars? How many? 
a. What does magoitude indicate ? Comparative hrilliancy of each ? 
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This is not unifonnly the relative brightness of stars thus denominated ; 
Sinus, the brightest star in the heavens, being 324 times as brilliant as 
an average star of the 6th magnitude. 

^ 338. The whole number of stars visible to the naked 
eye in the northern hemisphere is about 2,400; in both 
hemispheres, more than 4,500. 

a. These are distributed by Argelander according to their ma^- 
tudes as follows : 1st magnitude, 9 ; 2d, 84 ; 3rd, 96 ; 4th, 214 ; 5th, 
550 ; 6th, 1439 ; total in northern hemisphere, 2,842. If the southern 
hemisphere is equally rich in stars, the whole number must be 4,684 ; 
some estimate it at 6,000 or 7,000. The stars are probably less bright 
in proportion as their distance is greater; and hence the number 
increases as we descend to the lower magnitudes. Argelander's 
estimate for the 9th magnitude is 142,000. Viewed through the tele- 
scope, the stars can be counted by millions. 

THE CONSTELLATIONS. 

339. To facilitate the naming and location of the stars, 
the heavens are divided into particular spaces, represented 
on the globe or map as occupied by the figures of animals 
or other objects. These spaces and the groups of stars 
which they contain are called constellations, or asterisms, 

a. Thus there are the- constellations Aries, the Ram ; Leo^ the 
Lion ; Geminiy the Twins, etc. The general position of a star, accord- 
ing to this system, is defined by stating in what part of the figure it is 
situated ; as, the eye of the BuU, the heart of the Lion, etc. Its exact 
position is, of course, only to be defined by its right ascension and 
declination, or longitude and latitude. This system of grouping the 
dtars into constellations is supposed to be very ancient. Ptolemy 
counted only forty -eight constellations ; but, since his time, the num- 
ber has been augmented to 109. 

340. The stars belonging to each constellation are distin- 
guished bj jfarticular names ; as Siritis, Regulus, Arcturus, 
etc., and by letters K>t numerals. 

QiTKSTiONB.— 338. What number of visible Btare ? a. How distributed ? 389. Con- 
stellations? «. How nsed ? Number enumerated by Ptolemy ? By modern astronomers ? 
340. Mode of designating the stars? 
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a* Only the most conspicuous stars have particular names ; the most 
nsual mode of designation being the use of the letters of the Greek 
alphabet, aX/pha (a) being given to the brightest star, heta (/?) to the 
next, and so on. When the twenty-four letters of this alphabet are 
exhausted, the Roman letters are used, and subsequently the Arabic 
numerals, the latter being applied according to the positions of the 
stars in the constellation, the most eastern being designated 1, which 
is thus the first star to cross the meridian. 

&. The Greek Alphabet.-^The following are the letters of the 
Greek alphabet, with their names. It will be convenient for the student 
to become &miliar with them, as they are very frequently employed. 



a 


Alpha 


V 


Eta 


V 


Nu 


r 


Tau 


iS 


Beta 





Theta 


^ 


Xi 


V 


Upsilon 


y 


Gamma 


I 


Iota 





Omicron 





Phi 


6 


Delta 


' K 


Kappa 


IT 


Pi 


X 


Chi 


€ 


Epsilon 


A 


Lambda 


P 


Bho 


f 


Psi 


c 


Zeta 


: /^ 


Mu 


a 


Sigma 


w 


Omega 



341. The constellations are distinguished as Northern, 
Zodiacal, and Southern, according to their positions in the 
heavens with respect to the ecliptic. The zodiacal constel- 
lations have the same names as the signs, but are situated 
about 28° to the east of them, so that Aries, although the 
first sign of the ecliptic, is the second constellation of the 
zodiac (Art. 105, 6). 

342. The whole number of constellations is 109; but 
many of them are not generally acknowledged or much 
used by astronomers at the present time. 

a, ThefoUowing catalogue contains the names of the principal con- 
steUations, with their rigM ascension and decMnalion, the number of 
stars of the first five magnitudes contained in each^ and the name of 
the astronomer by whom they were fi/rst enumerated or invented : 

Note. — The right ascension and declination of the central points of the 
constellations are given. 

Questions.- a. Use of letters? Of numerals? Letters of the Greek alphabet? 
S41. How are the constellations divided ? 342. What is the whole nnmber of constel- 
lations ? Are all acknowledged and used ? a. Which are the principal Northern 
constellations? Zodiacal constellations ? Name the Southern counstellations. 



ins 6TAB6. 
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THE NORTHERN CONSTELLATIONS. 









By wuom 






" 


d 


Na,mr. 


Mbanimo. 


BNUMBBATKO 


B.A. 


Dea 






OB INVENTED, gj^j 






1 


Amdbombda, 


The Chained PHnceee^ 


Ptolemy, 160 


18 


15' 


85' 


8 


AQUItA, 


Th^ Eagle, 


Ptolemy.* 


88 


Igt- 


10' 


8 


AUBIOA, 


The ChariaUer, 


Ptolemy. 


85 


42' 


4 


Boom, 




PtoleDiy. 


85 


219' 


».' . 


5 




The Giraffe, 
The Hvmiifig Dogn. 
The Queen in her Chair, 
The King, 


HeTelius, 1690. 


86 


66' 


68' 


6 


Gahis Vkwatici, 


HeveliuB, 1680. 


15 


195" 


40' 


7 


Cassiopwa, 


Ptolemy. 


46 


Ui: 


CO' 


8 


Cbpheus, 


PtoleDiy. 


44 


65' 


9 


Clypkus Sobibskii, 


Sobieskfe Shield; 


Hevelius, 1690. 


4 


272i' 


16' S 


10 


Ck)MA Bbbbnices, 


Berenice's Hair, 


Tycho Brohe, 
16i;8. 


20 


190' 


25' 


11 


COBONA BOBEALU^ 


The Northern Crown, 


Ptolemy. 


19 


2S5' 


80* 


12 


Gtomcs, 


The Swan, 


Ptolemy. 


67 


8.5- 


42' 


18 


Delphimub, 


The IMphin, 


Ptolemy. 


10 


810' 


15' 


14 
15 


Dbaco, 
Equvlbvs, 


The Dragon, 
The Lime Horet, or 
Horee'e Head. 


Ptolemy. 
Ptolemy. 


80 
6 


260' 
815' 


66' 
6' 


16 


Heboulim, 


Berculee^ 


Ptolemy. 


66 


251' 


27- 


17 


Laobbta, 


The LiMard, 


Hevellu8,1690. 


18 


8«5' 


44" 


18 


LkO MlKOB, 


The Lesser Lion, 


HevelluB,ie90. 


15 


161' 


86- 


19 


Ltkx, 


The Lynx, 
The l/arp. 


Hevelius,1690. 


26 


120' 


60' 


90 


Ltba, 


Ptolemy. 


18 


280' 


85' 


81 


PKOA8U8, 


The Winged Mor«e^ 


Ptolemy. 


48 


886' 


15- 


22 


PBB8EU8 KT CaPUT Mk- 


Perseus <& Medusa's 
Bead, 


Ptolemy. 


40 


624- 


47' 


23 


Saoitta, 


The Arrow, 


Ptolemy. 


6 


295- 


18' 


84 


Sbb^bms, 


The Serpent, 


Ptolemy. 


28 


286' 


10' 


86 


TaUBUS PONIATOWSKII, 


PoniatowskPn Bull, 


Poczobut, 1777 


6 


2671' 
80^ 


5' 


86 


Tbiasovlujc, 


The Triangle, 


Ptolemy. 


6 


82' 


27 


Ubsa Majob, 


The ^r«i* ^^flr, 


Ptolemy. 


58 


160' 


58* 


28 


TTb8a Minob, 


The I^esser Bear, 


Ptolemy. 


23 


226' 


78' 


29 


VULPRCDLA KT AnSRB. 


The iToaj and the Gooite, 


HeveHu9,1690. 


28 


8(M»» 


25' 



THE ZODIACAL CONSTELLATIONS. 



1 1 Abies, 

2TAUBUS, 

8 Obminj, 

4 Cancer, 

Leo, 

ViBGO, 
LiBBA, 
SOOBPIO, 



9 Saoittabius. 



Capbicobnits, 

AQUABIU8, 

P18CE8, 





The Haw, 


Ptolemy. 




The Bull, 


Ptolemy. 




The Twitm, 


Ptolemy. 




The Crab, 


Ptolemy. 




The Uon, 


Pt<»leniy. 




The Virgin, 


Ptt>lenn'. 




The Balance, 


Ptolemv. 




The Scorpion, 
The Archer, 


Ptolemy. 




Ptolemy. 




The Goat. 


Ptolemy. 




The Water- Carrier, 


Ptolemy. 




The Fishes, 


Ptolemy. 



R. A. Dec. 



IS'N 
lb"" 
25'" 
20' « 
15'*' 

15' S 
26'" 
82' " 
20' " 

10' N 



17 

68 


«a: 


28 


106' 


15 


180' 


47 


155' 


89 


200' 


28 


225' 


84 


244' 


88 


286' 


22 


815' 


26 


880' 


18 


5' 
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THE SODTHESRN CONSTELLATIONS. 



1 




Btwhom 


it 






s 


Namk. 


MKA2fINe. 


XNUMRBATED 


R.AIDW;. 


Ta 






OR INVENTED. 


^S 




1 


T 


Afb oe Hubca, 


The Bee or Fly^ 


Bayer, 1604. 


7 


186' 


68* 


9 


Aea, 


The AUar, 


Ptolemy. 


16 


266* 


64* 


8 


Aboo, 


The Ship Argo, 


Ptolemy. 


188 


116* 


60- 


4 


Canu Major. 


The Oreat Dog, 


Ptolemy. 


27 


101* 


24- 


6 


Cakis Minor, 


The Lesaer Dog, 


Ptolemy. 


6 


ur 


e-N 


6 


Cbntaurub, 


The CenUiur, 


Ptolemy. 


64 


196- 


48" 


7 


GiGTIJt, 


The WhAth, 


Ptolemy. 


82 


80' 


12- 


8 


Ck>LI7MBA NOAOIU, 


Noa)C9 Dove, 


Royer, 1679. 


16 


81* 


86- 


9 


Ck>BOKA AUSTKALM, 




Ptolemy. 


7 


fsJi- 


40* 


10 


GOBVUB, 


The CrotD, 


Ptolemy. 


8 


18* 


11 


Obatbb, 


The Cup, 


Ptolemy. 


9 


170* 


15* 


12 


Cbuz, 


The Oow, 

The Stoord'FiHh, 


Royer, 1679. 


10 


184- 


60- 


18 


Dobado. 


Bayer, 1604. 


17 


70' 


62* 


14 


ERIDANUft, 


The River Po, 


Ptolemy. 


64 


86' 


80* 


19 


OrU8, 


The Crane, 


Bayer, 1604. 


11 


886' 


47' 


16 


Htdba, 


The Snake, 


Ptolemy, 
Bayer, 1604. 


49 


160- 


10* 


17 


Hydbus, 


The Water Snake, 


26 


40- 


70' 


18 


[ndub, 


The Indian, 


Bayer, 1604. 


15 


816* 


55- 


1» 


Lbpus, 


The Bare, 


Ptolemy. 


18 


81* 


20" 


90 


LuPUft, 


The Wolf: 
The Unicorn, 


Ptolemy. 


84 


281- 


45* 


21 


Monoobr<a 


Hevellu«,ie90. 


12 


105' 


2' 


22 


Ophiuchus or Skbpbn- 

TABIUS, 


The Serpent Carrier, 


Ptolemy. 


40 


256- 


0* 


98 


Obion, 


The ffwUMian, 


Ptolemy. 
Bayer, 1690. 


87 


82K 


0* 


94 


Pavo, 


The Peacock, 


27 


290' 68* 


26 


Ph<xnix, 


The Phanix, 


Bayer, 1690. 


82 


16* 50- 


26 


PnCIS AUSTRALIS, 




Ptolemy, 


16 


.326' 82' 


27, Toucan. | 


The ^mtfrican &oa««, 


Bayer, 1690. 


21 


:«)6" 66" 


•^sl 


Tbianodlum Avktkalx,! 




Bayer, 1600. 


11 


285- 


66" 



b. History of the Constellations. — The followmg is a brief 
account of the origin of the constellations : 

THE NORTHERN CONSTELLATIONS. 

Andromeda, daughter of Cepheus, king of Ethiopia, who, to save 
his kingdom, caused her to be bound to a rock so that she might be 
devoured by a sea monster ; but she was rescued by Perseus, who 
turned the monster into stone by presenting to it the head of Medusa,^ 
the Gorgon Queen, whom he had conquered and slain. 

Aquila, according to the ancient fable, was king of one of the 
Cyclades, but was changed into an eagle and placed among the stars 
Tycho Brahe added to this constellation Antinous, a youth of Awa 
Minor, greatly celebrated for his beauty, who lived in the reign of the 
Emi)eror Adrian. 



QvK8Tioir.«-d. What is the history of each ? 
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Amiga, represented as a man kneeling, and holding a bridle in liis 
right hand, and a gcat with her kids in his left. The accounts given 
of this constellation are various and inconsistent. Its origin is un- 
known. 

Bootes, represented as grasping a club in one hand, while he holds 
the two hunting dogs by a cord, in the other. He seems to be driving 
the two bears round the pole. The origin of this constellation is lost 
in antiquity. 

Canes Venatici, called Asterion and Chara, inserted by Hevelius, 
in 1690, They are held in a leash by Bootes. 

Cassiopeia, the wife of Cepheus and mother of Andromeda. 

Cepheus, king of Ethiopia, supposed to have gone with the Argo. 
nauts in search of the golden fleece. 

Clypeus or Scutum Sobieskii, named in honor of John Sobieski, 
King of Poland, by Hevelius, who flourished during his reign. 

Coma Berenices. — Berenice was the Queen of Ptolemy Euergetes, 
one of the kings of Egypt ; and while be was engaged in war, she 
made a vow to dedicate her beautiful hair to Venus if he returned in 
safety, — a vow which she fulfilled. 

Corona Borealis, a beautiful crown said to have been given by the 
god Bacchus to Ariadne, a Cretan princess. 

Cygnus, supposed by some to represent the famous musician 
Orpheus, who, according to the fable, was changed into a swan, and 
placed near his lyre in the heavens. 

Delphinus, the dolphin who is said, in the fable, to have persuaded 
Amphitrite to become the wife of Neptime, though she had made a 
vow of perpetual celibacy. 

Draco, supposed to be the dragon which guarded the golden apples 
in the garden of the Hesperides, near Mount Atlas, and was slain by 
Hercules. 

Equuleus is the head of a horse, supposed to have been the brother 
of Pegasus, and given to Castor by Mercury. 

Hercules, the famous Grecian hero, celebrated for his many won- 
derful exploits. 

Lyra, the harp given to Orjiheus by Apollo, upon which he played 
with such Ekill, tliat even the rivers, it is fabled, ceased to flow in order 
to listen to his strains. 

Pegasus, the wing(»d horse, which, according to the Greek fable^ 
sprung from the bl(K)d of Medusa, after Perseus had cut off* her head. 
Bellerophon, attempting to fly to heaven upon his back, was dashed to 
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the earth ; and the horse ccntinuiDg his flight was finally placed b^ 
Jupiter among the constellations. 

Perseus, son of Jupiter and Danae, was provided with celestial arms, 
and made war upon the three Gorgons, who had the power to turn 
every one to stone on whom they looked. Medusa was the most 
celebrated for her beauty ; but her hair was turned to serpents by 
Minerva, the sanctity of whose temple she had violated. (See An- 
dromeda.) 

Sagltta, the arrow of Hercules with which he killed the vulture 
that preyed on Prometheus, who was tied to a rock on Mount Cauca- 
sus by command of Jupiter. 

Serpens and Serpentarius, or Ophiuchus.— The latter is supposed 
to be .^Isculapius, a famous Greek physician. He holds the serpent in 
his hand as an emblem of his art, the cure of a serpent's bite being a 
test of medical skill. 

Taurus Poniatowskii, a small constellation, some of the stars of 
which are arranged like a Y, fancied to resemble a bull's head, and 
named as above after Count Poniatowski, who saved the life of Charles 
XII. King of Sweden, at the battle of Pultowa, and afterward at the 
battle of Rugen. 

Triangulum. — This constellation represents the triangular delta of 
the Nile. 

Ursa Major, suposed to represent Calisto, daughter of a king of 
Arcadia, and changed into a bear in consequence of the jealousy of Juno. 
Ursa Minor is supposed to have been her son Areas, changed with her. 
These constellations are sometimes called Triones ; also, the Greater 
and Lesser Wains. 

THE ZODIACAL CONSTELLATIONS. 

These are supposed to have been invented by the Egyptians or 
Chaldeans to symbolize the changes of the months andseasons. The 
following is their origin according to the Greeks : 

Aries is the ram that bore the golden fleece, for which the Argonauts 
undertook their expedition. 

Taurus is supposed to be the bull whose form Jupiter assumed in 
order to carry off Europa, a beautiful princess of Phoenicia. She was 
borne across the sea to Europe, and gave name to that country. This 
constellation contains five stars arranged in the form of a V, and 
called the Hyades. It also contains the Pleiades, or seven stars, as 
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the number is declared by some of the ancients^ although only six are 
now yisible. 

Gemini, the twm brothers Castor and Pollux, sons oi Jupiter and 
Leda, a Spartan queen. They were celebrated for their valor and 
heroic deeds, and were afterward worshiped as deities. 

Cancer, the sea-crab, sent by Juno to annoy Hercules. This* con- 
stellation more probably symbolizes the backward movement of the 
sun when at the northern solstice. 

Leo, the famous Nemean lion, slain by Hercules ; or a symbol of 
the intense heat of the season when this asterism is on the meridian. 

Virgo, the Virg^ Astrea, goddess of justice, who lived on earth 
during the golden age, but returned to heaven and was placed among 
the stars. A symbol, probably, of the time of harvest, as she holds an 
ear of com (spica virginis) in her hand. 

Idbra, the sendee which Virgo, the goddess of justice, used &s an 
emblem of her office. Most probably it was an emblem of the bal- 
ance or equality of the days and nights. 

Scorpio, a very ancient constellation, supposed to typify the deadly 
influences of the season when the sun is in this part of the ecliptic. 
According to Ovid, it is the scorpion which stung Orion and caused his 
death. 

Sagittarius, emblem of the hunters' season, inscribed on the Egyp- 
tian Zodiac. According to the Greeks, it represents Chiron, the 
famous Centaur, who changed himself partly into a horse. 

Capricomus, emblem of the sun's climbing (as a goat) from the 
winter solstice. In the Greek fables, it is the goat into which Bacchus 
changed himself to escape the giant monster Typhon. 

Aquarius, emblem of the wet season. The Greeks took it for 
Ganymede, the cup-bearer of Jupiter. 

Pisces, emblem of the fishing season. The Greeks represent thom 
to be the fishes into which Venus and Cupid changed themselves to 
escape the giant Typhon. 

THE SOUTHERN CONSTELLATIONS. 

Ara, the altar on Which, according to the ancient mythology, tho 
gods swore before their celebrated contest with the giants. 

Ai^o, the ship in which the Argonauts sailed in quest of the golden 
fleece. 

Canis Major and Oanis Minor, supposed to be Orion's hounds. 
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OentaumB, one of the Centaurs, a fiabulous race, half men and half 
horsea ; meet probably a tribe of men who invented, or were skilled 
in, the art of breakin^r in horses. 

Oetus, the sea monster from which Andromeda was rescued bj 
Perseus. 

CorvuB, the crow sent bj Apollo to watch the conduct of his mis- 
tress Coronis, and rewarded by being placed in the heavens. 

Orater. — ^The origin of this constellation appears to be imknown. 

Oruz, formed by Royer as a Christian emblem. It contains four 
stars that form a cross, two of them pointing directly to the south pole. 

Eridanua, the river Po, fabled to have received Phaeton, who, having 
undertaken to guide the chariot of the sun, was struck by Jupiter with 
a thunderbolt, to prevent the general conflagration of the world from 
the ignorance of the rash youth. 

Hydra, a monstrous serpent killed by Hercules. It is supposed by 
some to symbolize the moon's course. 

LepuB, placed near Orion, as being one of the animals hunted by 
him. 

liupus, a king of Arcadia, Lycaon, changed into a wolf on account 
of his cruelties. 

Ophiuchua. — See Serpens. 

Orion, according to the Greeks, a famous hunter, who, as a punish- 
ment for his profane boasting, was bitten by the scorpion and killed. 
This constellation is mentioned in the book of Job, and is therefore of 
very great antiquity. Some think that it represents Nimrod, "the 
mighty htmter," mentioned in Genesis. 

Piacis Australia, supposed by the Greeks to be Venus, transformed 
into a fish to escape the g^ant Typhon. 

c. Of the 48 constellations enumerated by Ptolemy in his great 
work, the Almagest, all except three are described in a poem styled 
Phenomena^ written in Greek by Aratus, a Cilician poet, 270 B.C., 
and still extant. This poem is, however, only a paraphrase of a 
celebrated work written about 370 B.C. by Eudoxus, a contemporary 
of Plato, and containing an account of all the constellations used in 
his time. 

d. The following synopsis shows the relative positions as to right 



Questions.— ff. Xatncs of the constellations in the circle of perpetual apparition, from 
west to east? Between BO°and 26° of north declination ? Between 25° and 0° ? Be 
weeo 0° and 26° S ? Between 29° and 60° ? 
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asceTiBion and declination of the constellations visible in this latitude. 
If studied in this order they will be found without difficulty on the 
globe or in the heavens. 
Note.— Each line in this table represents about SO*' of right ascension. 



'TABLE SHOWING THE POSITIONS OP THE CONSTELLA 
TIONS IN THE HEAVENS. 



North Declixation. 



South Dkclinatiok. 



90«— 50° 


50°— 26"' 


*25°— 0° 


ZODIAO. 


- 


U°-26o 
Cetus 


25°— 80° 


Cassiopeia 


Andromeda 








Triansrulum 




Aries 






Phoenix 


Cameloparil. 


Persens 




Taurus 


■ 


te { 


Eridanns 
Colamba 




Anriga 


Canis Minor 


Gemini 


. 


Canis MiOor 
Monoceros 


Argo 




Lynx 




Canerr 








Ursa Major 


Leo Minor 




Leo 


. 


Hydra 
Crater 






Canes Yen. 


Coma Ber. 


Virgo 




Corvus 


Centanrus 


Ursa Minor ■ 


Bootes 
Corona Bor. 


Serpens 


Libra 






Lupus 


Dnico 


flercnles 


Taurus Pon. 


Scorpio 




Ophiuctius 






Lyra 


Sagitta 
Aquila 


SagiHaHua 


Clyp. S<»biesk. 


Corona / us. 


Cepheaa i 


Lacerta 

Cygnus ( 


Delpiilnns 
Equuleus 
Pegasus 


Caprieorm 
Aqtiarhis 


(« 




Qrus 



e* Each column of tliis table contains the constellations as thej 
are arranged from west to east ; and each line read from left to rigTUf 
gives the constellations, from north to south, that are on or near the 
meridian at the same time. By knowing the time that each zodiacal 
constellation comes to the meridian, remembering that these constel- 
lations are about 30° east of the signs, and that those are on the 
meridian at midnight which are opposite to the sun's place at noon, 
the student with a little consideration will be able to find the position of 
the constellations at any hour and on any evening during the year. 
The position at any time of the evening can easily be deduced from 
that at midnight by reckoning for each hour 15", toward the east if 
the time is earlier, and toward the west, if later. 



QxTESTiOK.— Use of the table? 
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343. Star Names. — Only a veiy few of the stars are dis 
tinguisbed by particular names^ the usaal mode of designation 
being by means of letters or numbers. 

The foUowing is a list of the most noted or conspicuous of the stars 
fdth their special names, literal designations, magnitudes, and sitttations : 

NoTB.— In the literal designations, the letter is followed by the Latin 
name of the constellation, in the possessive case; thus, a Centauri meauR 
the brightest star of Centanrus ; /S Tauri, the second star of Taurus ; -y Ca9- 
autpeia, the third star of Cassiopeia, etc. The stars are -arranged in this 
list according to their magnitudes. 

LIST OF PRINCIPAL STARS. 



Namr. 



S1RIU8 
Casopus 
Arotubds 
Bktrlgrusk 

HiGBL 

Capella 

Vroa 

Procyi»n 

aohrrnar 

Aldrbarax 

Antares 

Altair 

Spica 

fomaliiai't 

Krgull's 

Drnek 

Alpiirratz 

DUBIIR 

Castor 

Pollux 

Polk-Star 

Alpiiard 

Ras Alhagits 

Markab 

Son EAT 

Alosnib 
Algol 
Denbbola 
Alpiiecoa 
Benbtnasch 
Aldkramin 
Vindrmiatrix 
CoH Caroli 
•Alotoxk 



Literal Designation.' 



a CanUMiijot^ 
a ArgiM 
a BootU 
a OrionU 
^ OrionU 
a AurigcB 
a Lyr<B 

a Canis Minoris 
a Eridani 
a Tauri 
o Scorj^iiyniB ^ 
a AquiliB 
a VirginU 
a PiacUAust 
a Leonia 
Cygni 
a AndromeffiB 
a (Trsa Mnjoris 
a Oeminorum 
/3 Osminorum 
a Ursa Minot'U 
a Hydra 
a Ophitiofii 
a PegciH 
\fi Pegasi 
\y Pegasi 
\fi Peraei 
|^ TAonia 
a CoroHOB Bor. 
It) VracB Mn^oris 
a Cepkei 
|e Virginia 
a Canum Venatieorum 
ij Tm^ri 



SiTL'ATION. 



Nose of the Great Dog 

The Ship Argo 

Knee of Bootes 

Shoulder of Orion 

Foot of Orion 

Goat of Auriga 

One of the strings of the Harp 

The Little Dog 

The River Po 

Eye of the Bull 

H!eart of the Scorpion 

Neck of the Eagle 

Sheaf of Virgo 

Southern Fisn 

Heart of the Lion 

Tail of the S^'ttn 

Head of Andromeda 

Great Bear 



Heads of Gemini 

Tail of Little Boar 

Heart of Hydra 

Head of Serpent-bearer 

Wing of Pegasus 

Thigh of Pegasns 

Wing of Pegasus 

Head of Medusa 

Tail of the Lion 

Northern Crown 

Tip of {be Great Bear*s Tail 

Breast of Cepheus 

Right ArmofVirpo 

The Hunting Dogs 

The Pleiades 



Dec. 



100' 
95' 
212- 
67' 
T7* 
T7' 
278' 
118' 
28" 
67' 
245' 
800' 
200' 
348' 
160' 
809' 

.a: 

112' 
114* 
18i- 
140' 
262' 
845' 
845' 
2' 
45* 
176' 



QuRBTio^TB.— 343. To what extent are star-namee used ? Mention boom of th« prin- 
cipal. 
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PROBLEMS FOR THE CELESTIAL GLOBE. 

Problem L — To find the place of a constdlatton or star on 
the globe : Bring the degree of right ascension belonging to 
the constellation or star to the meridian ; and under the 
proper degree of declination will be the constellation or 
tjtar, the place of which is required. 

1^4 OTX. — ^The student should be exercised in finding the places of all the 
constellations or stars laid down in the lists, according to this role. The 
place of a planet or comet may also be found by this rule when its right 
ascension and declination are given. 

Problem IL — To find the appearance of tlie Jieavens at any 
place, the hour of tJie day and the day of tlie month being give^i : 
Make the elevation of the pole equal to the latitude of the 
place ; find the sun's place in the ecliptic, bring it to the 
meridian, and set the index to 12. If the time be before 
noon, turn the globe eastward; if after noon, turn it west- 
ward till the index has passed over as many hours as the 
time wants of noon, or is past noon. The surface of the globe 
above the wooden horizon will then show the appearance of 
the heavens for the time. 

NoTB.-TThe student must conceive himself situated at the centre of the 
globe looking out. . 

Problem HI, — To find the declination and right ascen- 
sion of any constellation or star : Proceed in the same 
manner as to find the latitude and longitude of a place on 
the terrestrial globe. 

STAR FIGURES. 

344. Particular stars can be easily recognized in the heav- 
ens by noticing the configurations which they form with 
each other, or by using the more conspicuous stars a« 
" pointers f that is, by assuming two bright stars so situated 

<^iiTi«v.-*-844. Hoir to find puiteiilar itars T 
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that a straight line drawn through both will jHyint directly 
to the less prominent star whose position it is desired to 
ascertain. 

a. This is sometimes called the method of "alignments/' and is 
that usually employed by astronomers. A few examples are here 
given in order to enable the student to find some of the most oonspic- 
Qous of the stars. 

1. The Great Dipper, or Charles's Wain.— This consists of seven 
bright stars, in the Great Bear, so situated as to resemble a dipper 
with a bent or curved handle, four of the stars forming the bowl, and 
three, the handle. It is situated within the circle of perpetual appari- 
tion, and hence is always visible, although in different positions as it 
revolves around the pole. The two stars at the far side of the bowl 
(a and P) are called the " pointers'' because a line drawn through them 
would reach the pole-star, which can, therefore, always be found by 
discovering the Great Dipper. The pole-star, by modem astronomers 
called PolarU, by the Greeks Cynomra, and by the Arabians Alruceii' 
hah, is situated about li° from the pole, and forms the extremity of 
the upwardly curved handle of a smaU dipper, which occupies a 
reversed position from that of the Great Dipper, and consists of quite 
faint stars. 

2. Trapezium of Draco. — About OO"" east of the Great Dipper are 
four stars so arranged as to form an irregular quadrangle or trapezium. 
These are in tlio head of Draco, and with another, a little to the west, 
situated in the nose {BaMaben), form almost the letter V, pointing to 
the west. 

3. The Ohair of Cassiopeia. — This consists of five stars of the 8d 
magnitude, which, with one or two smaller ones, form the figure of an 
inverted Chair ; it is situated almost precisely at the opposite. side of the 
pole frooi the Dipper, being nearly 180° from it and in about the same 
declination ; it can thus be easily found. 

4. The Great Square of Pegasus.— South of the Chair and a little to 
the west, are four stars about 15° apart, forming a large square. They 
are quite bright stars and the figure is very obvious. The north-eastern 
star is Alpheratz, in the head of Andromeda ; the south-eastern, Alge- 
nib; the south-western, Markab; and the north-western, Scheat. 
Algenii) and Alpheratz are on the equinoctial colure, which being con- 
tinued toward the north passes through Caph, in Casidopeia. 

qvwnoHi.— a. Yni%t ttar-Jlgures^ are described? What 9i the Mt«atleB«f weh! 
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5. The Great T of Bootes.— This oonsists of the bright and pecu- 
liarly ruddy star Arcturtis, at the lower extremity of the letter ; 
Jliirach, at the fork ; 8eg%nu8, at the extremity of the western arm ; 
and Alphecca, in Ck)rona Borealis, at that of the eastern. This figure 
is less than 45° to the south-east of the Great Dipper. Arcturu% and 
Seginus form with Cor Ckvrdli, situated toward the west, a large triangle ; 
and a similar but a larger figure is also formed by Arctv/rua with Dene- 
Ma, about 35"" west, and Spiea Virffinis, about as far south. 

6. The Diamond of Virgo is a large and very striking figure formed 
of Cor Carcli and Spka Virginis, at the extremities of its longest 
diagonal, and Areturus and Denebola at those of the shortest. The 
former are about SO"* apart ; the latter 85^"". The figure extends from 
north to south. 

7. The Cross of Oygnus. — This oonsists of five stars so arranged 
as to form a large and regular cross, the one at the upper extremity 
being Deneb, a star of the first magnitude. This figure is very mani- 
fest and is situated about 35** to the west of the Square of Pegasus. 
The star at the lower extremity of the cross is called AJbirco, Deneb, 
or Derub Cygni (Dendf means taff), is sometimes called Arided. A 
short distance toward the west from the Cross is the bright star Vega» 
forming with t^o faint stars near it a small triangle, the base being 
turned toward the side of the cross. 

8. The Siokle of Leo.— If the line joining the " pointers ** of the 
Qreat Dipper be continued toward the south, it will pass through a most 
beautifid object, having the complete form of a sickle, the bright star 
BegtUus being at the extremity of the handle, and the curve of the 
blade toward the north-east. 

9. The V of Tannuk— This is a group of stars situated in the Head 
of the Bull, the brightest of which is Aldebaran, a ruddy star of the 
first magnitude, and situated at the left upper extremity of the letter. 
AlMniran is an Arabic word and means, " that^which follows :" it was 
applied to this star because it follows the Pleiades. This^r<nf/> of 
stars is called the Eyades. A little to the north-west is the &mou8 
cluster of small stars called the Pleiades, said once to consist of seven 
stars, although now we only discover six, of which Alcyone is the 
brightest. 

10. The " Bands of Orion." — ^These are in a splendid group of 
stars to the south-east of Taurus, and situated under the equinoctial, 
oonsisting of four brilliant stars in the form of a long quadrangle 
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intenected in the middle by three stars arranged at equal distances in 
a straight line, and pointing to Sirius, the most splendid star in the 
heavens, on one Hide, and the Hyadts and Pleiades on the other. These 
three stars liave been called by some " The Yard ; " in the Book of Job 
they are called the Bands of Orion. A line of faint stars projects from 
' these toward the south : these are sometimes called " The Ell." At the 
north-east extremity of the quadrangle is Beteigeuse ; at the south-east, 
Saiph ; at the south-west, Rigel ; and at the north-west, Bellatrix. 

tl. The Orescent of Crater.— To the south-east of the Sickle may 
be distinctly seen a beaatifnl crescent or semi-circle opening toward 
the west, consisting of stars of the sixth magnitude. They form the 
outlines of Crater; and nearly south of the Sickle is the bright star 
Cor Hydra, almost solitary in the heavens. 

12. The Dipper of Sagittarius. — ^This is a very striking figure con- 
fldsting of five stars of the Sd and 4th magnitudes^ forming a straight- 
handled dipper turned bottom upward. It is a considerable distance 
south of Lyra, but comes to the meridian a very short time after it. 
The stars at the mouth of the dipper are about 5** apart. 

Familiarized with these few configurations, it will not be diflScult 
for the student, with the assistance of the globe or a planisphere, to 
acquire a knowledge of the other visible stars and their positions in 
the constellations to which they belong. 

r-S45. The appakent places of the stars are constantly 
changing in consequence of the precession of the equinoxes. 
Their light ascensions and declinations are either increasing 
or diminishing, according to their situation, as the equinoctial 
pole revolves around that of the ecliptic. 

a. The star Polaris is about 1}° from the pole, and is making a 
r constant approach to it ; which it will continue to do until its dis- 
tance is about i^ It will then recede tiU in about 12,000 years the 
bright star Vega, which is now 51** 20' from the pole will be less than 
6** from it, and will therefore be the pole-star. About 4,000 years ago 
a Draconis was the polar star, being about 10' from the pole. 

346. Nutation. — The precession of the equinoxes is not 
a uniform movement, hut is subject to periodical variations 

QuiwnoNB.— 846. Are the stora abaolntdy »• fixed f* What change conitantly oeeura' 
o. What ehange in the pole-star ? 846. What to nntaUon ? How <avied f 
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occasioned by the different positions of the sun and moon 
with respect to the plane of the equinoctial. When the sun 
is at the equinox its effect is nothing ; at the solstice it is 
at its maximum ; and thus arises, in connection with the 
general revolution of the pole, a vibratory motion of the , 
earth's axis, called nutation.* 

347. The solab nutation is very slight and goes through 
all its changes in one year ; but that of the moon, depend- 
ing on the position of its nodes with respect to the earth's 
equinoxes, i*equires a period of 18 A years. The latter is what 
is ordinarily meant by nutation. 

a. By the lunar nutation alone, the pole of the equator would be 
made to describe, in 18^ years, a emaU ellipse, about ISJ" by 13i", the 
longer axis being in the direction of the ecliptic pole ; but being car- 
ried by the general movement of precession round the pole of the 
ecliptic at the rate of 50" annuaUy, it actuaUy moves in a circle the 
circumference of which is an undulating curve, somewhat like the real 
*>rbit of the moon, the limit of the undulation either way being 9\'\ 

b. The discovery of the nutation of the earth's axis was made by 
Dr. James Bradley in 1727, by noticing slight variations in the right , 
ascensions and declinations of the stars of which neither precession 

"nor any other known source of disturbance would account The true 
cause of the phenomena soon suggested itself to his mind, but could 
not be ^nfirmed until after 18^ years of observation. It was there- 
fore not announced till 1745. 

348. Aberration. — This is a change in the apparent 
places of the stars, which arises from the motion of the 
earth in its orbit, combined with the progi'essive motion of 
light. 

a. This displacement of the stars was first observed by Hookc 
while attempting to discover a parallax in > Draconic ; but the true 
explanation of its cause was given by Dr. Bradley in 1727, — the year 

*Ntttati(m is derived from a Latin word which means a nodding. 



QmcBTioira— 347. Periods of th<> tiolar and lunar nutationn? a. Effect of the lanar 
nutaHon ? h. By whom aud how discorered ? 848^ What in aberration ? a. How 
•nd when discovered ? 
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in which the death of Newton took place. It was one of the most 
interesting and important astronomical discoveries ever made, and 
afforded an entire confirmation of the progressive motion of light, dis- 
covered by Roemer about 50 years previously. 
nr— ft. Cause of Aberration. — ^An object is always seen in the direction 
in which the rays of light coming from it strike the eye. Now this 
depends not only on the actual direction of the rays themselves, but 
on our own motion with reference to them ; for if a ray is proceeding 
perpendicularly from an object and we are moving directly across it, it 
will appear to strike against the eye in an oblique direction, and thus 
the object will, in appearance, be thrown forward of its true place, by 
an angle depending for its size upon the ratio of the velocity of our 
own motion to that of light. This change of direction of the rays of 
light is similar to that which takes place in the drops of rain when 
we are running in a shower, and the rain descends perpendicularly ; for 
then it beats in our faces as it would if we were standing still and the 
wind were blowing it obliquely against us. 

c. Amount of Aberration. — Since the velocity of light is 184,000 
miles a second while that of the earth is but little more than 18 miles, 
the ratio of the latter to the former is about .0001, which is the sine of 
an angle of 20^" ; and this accordingly is the amount of displacement 
due to aberration, when the star is so situated that the rays proceed- 
ing from it are perpendicular to the plane of the earth's orbit, the 
star in that case appearing each year to describe a small circle having 
a radius of 20^". When the rays are oblique to this plane, the circle is 
foreshortened into an ellipse, and the amount of displacement varies, 
being 20^" only when the yays are perpendicular to the earth's motion ; 
while in the case of stars situated in the plane of the ecliptic, there is 
merely an apparent oscillation, in a straight line, amounting to 41" 
during each revolution of the earth. 

d. The phenomena connected with aberration are thus very compli- 
cated ; and as they are all satisfactorily explained by the hypotheses of 
the earth's motion and that of light, both receive a confirmation from 
this important discovery. 

349. The Galaxy, or Milky Way is that faint lumi- 
nous zone which encompasses the heavens', and which, when 

Questions. >— 6. Its cause ? e. Amount of displacement eansed by it ? d. What U 
proved bj it ? 349. What is the Galaxy or MUky Way ? 
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examined with a telescope, is found to consist of myriads cf 
stars. Its general course is inclined to the equinoctial at an 
angle of 63°, and intersects it at about 105° and 285° of 
right ascension. Its inclination to the plane of the ecliptic 
is consequently about 40°. 

a. This nebulons zone is of very unequal breadth, not exceeding in 
some parts 3** ; while in others it is 10** or even 16^ ; the average 
breadth being about 10". It passes through Cassiopeia, Perseus, 
Gemini, Orion, Monoceros, Argo, the Southern Cross, Centaurus, Ophiu- 
chus. Serpens, Aquila, Sagitta, Cygnus, and Cepheus. From a Centauri 
to Cygnus it is divided into two parts, the whole breadth including the 
two branches being about 22°. It exhibits other divisions at several 
points of its course. 

^*~ 350. Its appearance is not unifonn, some parts being 
exceedingly brilliant ; while others present the appearance of 
dark patches, or regions comparatively destitute of stars. 

a» Near the Southern Cross, where its general appearance is most 
brilliant, th6re occurs a singular dark, pear-shaped space, obvious to 
the most careless observer. To this remarkable patch the early navi- 
gators gave the name of the coal-mek. A similar vacant space occurs in 
the northern hemisphere at Cygnus. 
— 6. The number of stars in the Milky Way is inconceivably 
■ great. Sir William Herschel states that on one occasion he calculate! 
that 116,000 stars passed through the field of his telescope in a quart or 
of an hour, and on another that as many as 258,000 stars were seen to 
pass in 41 minutes. The total number, therefore, can only be esti- 
mated in millions. Struve's estimate of the whole number visible in 
Sir William Herschers great reflecting telescope is 20^ millions ; and 
the number brought into view by the still more powerful instrument 
of Lord l^se must be very much greater. 

351. The PREVAILING theory with regard to the Milky 
Way is, that it is an immense cluster of stars having the gen- 
eral form of a mill-stone, split at one side into two folds, oi 

QUKSTIOSB.— Its position ? «r. Its breadth ? What constellations does it pass through ? 
850. Appearance of the Milky Way P a. The " coal-sack ?'' h. Number of stars ia 
IbeGaUxy? 351. What is it supposed to be ? Its. figure? 
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thicknesses, inclined at a small angle to each other ; that all 
Ihe stars visible to us belong to this system; and that the 
Gun is a member of it and is situated not far from the mid^ 
die of its thickness, and near the point of its separation. 

a. The £aet that the Milky Way is composed of vast numbers of 
stars was ooi^eetured by Pythagoras and other ancient astronomers, 
bat was not positively discovered till Galileo directed his telescope 
to the heavens. The hypothesis that it is a vast cluster of which tlie 
son and visible stars are members, was first suggested by Thomas 
Wright in a work entitled the '* Theory of the Universe," published 
in 1760. This subject received a careful and prolonged investigation 
by Sir William Herschel, the results of which he publislied in 1*204, 
and which seems to establish the hypothesis mentioned in the text. 
This opinion he arrived at by taking observations at different distances 
from the zone of the Qalaxy , and counting the stars within the field of 
view. On the supposition that the stars are uniformly distributed 
tliroughout the system, the number thus presented would indicate the 
extent of the cluster in the direction in which they were seen ; and in 
this manner some general idea of its form would be obtained. 

b. Qalactic Circle and Poles.— The extensive survey made by 
Sir William Herschelof the stars in the northern hemisphere, and con- 
tinued by his son, Sir John Herschel, in the southern, has proved that 
there are two points of the celestial sphere, diametrically opposite to 
each other, at which the stars are very thinly scattered ; while at and 
near the circle of which these are the poles the stars are so densely 
crowded as to be absolutely coimtless. This circle lies very near the 
middle course of the Milky Way, and hence is called the OalotCtic 
Circle ; the points at which the stars are least dense are called the 
Galactic Poks. It is also found that the decrease of the density of 
the visible stare in proceeding cither way from the plane of the 
Galactic Circle conforms to the same law, but that the density in the 
southern hemisphere is at each latitude greater than at the correspond- 
ing latitude in the northern. 

The annexed fl^rc represents the general form of a section of this vast 
cluster, or stratum of stars, 8 being the place of the sun ; 8/, the position 
of the plane of the Galactic Circle ; 6 ft, the Galactic Poles. It will be 



QirrsTiONs. — rv. By whom was this theory first suggested f Hersebers ioTesttgatioiis? 
Mode of estimating ita form ? b. What are the (Galactic circle and poles? Howtbandt 
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obvious that at the visual lines 8e aud 8/ the stars must appear most 
dense, and at S6 least ; while at intermediate points, the density will vary 
,with the obliquity of the visual lines ; and as 8/ is nearer the northern 
confines of the stratiun than the southern, more stars must be visible in 

Pig. 117. 
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the southern hemisphere than in the northern ; the number of stars depend- 
ing in each direction upon the length of the visual line. The apparent 
separation of the Milky Way is accounted for by supposing the sun to be 
placed, as indicated, near the point where the two branches diverge. 

~ c*. Dimenflions of the Galactic System. — The thickness of this 
stratum of stars Herschel supposed to be about 80 times the distance 
of the nearest star from the solar system ; but that its extreme length 
is equal to 2,000 times that distance. To move from one extreme point 
of this vast space to the other, light would require about 7,000 years. 

352. Proper Motion of the Stars.-— The stars do not 
always remain precisely in the same places with respect to 
each other, but in long periods of time perceptibly change 
their relative positions, some approaching each other, and 
others receding. This apparent change of position is called 
iheiT proper motion. 

a. The first astronomer to whom the idea of a proper motion of the 
stars (that is, a motion of the stars themselves, independent of annual 
parallax) occurred was Halley. Comparing the anciently recorded places 
of Sinus, Arcturus, and Aldebaran with their positions as observed by 

QuKSTioxs. — t. Dimensions of the Galactic System ? 363. What is the proper mo^ 
tion of the stars? a, IIow found ? 
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himself in 1717, and making eveiy allowance for the varifttion in the 
obliquitj of the ecliptic, he still found differences of latitude amount- 
ing to 87', 42', and 33', respectively, for which he could not account, 
except on the supposition that the stars themselves had changed their 
positions. This was confirmed by Caasini in 1788, who ascertained 
that Arcturus had apparently moved 5' in 152 years, while the neigh- 
boring star V Bootis had been nearly if not quite stationary. The star 
61 Gygni has a considerable proper motion, having changed its position 
in fifty years nearly 4^'. 

6. Motion of the Solar System in Space.— In 1788, Herschel 
undertook the investigation of this interesting subject ; and finding 
that in one part of the heavens the stars approached each other, whUe in 
the opposite part their relative distances seemed to increase, he arrived 
at the conclusion that this apparent change in the stars is caused by a 
real motion of the solar system in space. For, evidently, if we are 
in motion, the stars toward which we are moving will open out, while 
those from which we are receding will appear to come together ; and 
as it wa8 observed by Herschel that the stars in -the constellation 
Hercules are gradually becoming wider and wider apart, he inferred 
that the motion of the sun and its attendant planets is in that direc- 
tion. The mean result of the observations of Herschel, and several 
distinguished astronomers who in more recent times have investigated 
the subject, is that the point toward which the solar system is moving 
is in 260** 20' of right ascension, and SS** 33' of north declination, 
which agrees very nearly with that reached by Herschel himself. The 
annual angular displacement of a star situated at right angles to the 
direction of the sun's motion and at the mean distance of stars of the 
first magnitude, is computed at about i'' ; and therefore the velocity 
of the motion is estimated at about 160 millions of miles in a year. 

c. Central Sun.— The hypothesis that the solar system is revolving 
around a central sun was first suggested by Wright in 1750. MSdler 
supposed that the central sun is the star Alcyone in the Pleiades; but 
it is not thought by astronomers that sufiScient evidence exists for this 
hypothesis. All that can be said to be established is, that the sun with 
its great retinue of revolving worlds is moving in space toward a jmint 
in the constellation Hercules. 

353. Multiple Stars are those which to the naked eye 

QijwrtovB.—h, What motion has the solar system ! How indicated? To irhat 
point is it moving ? e. Centra] snn ? 863. What are multiple ftars? Poable stars? 
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appear single, but when viewed through a telescope are 
separated into two or more stars. Those that consist of two 
stars are called double stars. 

^— a. Doable stars differ much in their distance from each other ; in 
some cases being so near as to be separated only by the most powerful 
telescopes; in others, they are as much as i' from each other. These 
stars were carefuUy observed by Sir WiUiam Herschel, and have 
received much attention from the distinguished astronomers of more 
recent times. The list of this class of stars now contains upward of 
six thousand, classified according to their angular distances frx>m each 
other. 

h. The members of a double star are generally quite unequal in 
size. The pole-star consists of two stars of the second and ninth mag- 
nitude respectively, and about 18" apart ; Rigel has a companion star 
about 10" from it, and of the ninth magnitude ; Castor consists of 
two stars of the third and Fig. 118. 

fourth magnitudes about 5" 
apart ; y Virginis {Oamma 
of the Vir^) is a very 
remarkable star consisting 
of two stars each of the 
fourth magnitude. (See 
Fig. 118.) e Lyrae {EpsUon 
of the Lyre) is an example *• «>"-«'^^ ' 2. bigkl : 3. castob ; 4. y raowis. 

of a star consisting of two stars each of which is double, being thus a 
dovble-dovMe star. In 1862, Sirius was discovered, by Mr. Alvan 
Clark, of New York, to have a minute companion star situated about 
7" from it. 

— c. Colored Stars. — ^There is considerable diversity in the color of 
both the single and double stars. Thus Vega, Altair, and Spica are 
white ; Aldebaran, Arcturus, and Betelgeuse, ruddy ; Capella and Pre- 
cyon, yeUow. Single stars of a fiery red or deep orange are not 
uncommon ; but among the conspicuous stars there is only one 
instance (/? Librae) of a green star, and none of a blue one. Many 

QimsnoKS.— a. Apparent distance of doable stars ? 5. Comparative size and color ? 
Size of the members of double stars ? Examples ? «. Difference in the color of singlt 
•tars ? Of double stars * Complementary colors ? Presented by how many stars } 
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doable Stan exhibit the beautiful and curious phenomena of comple- 
mentary odors,* the larger star being usually of a ruddy or orange 
hue, and the smaller one, green or blue. In some cases, this is found 
to be the effect of contrast ; since, when a very bright object of a par- 
ticular color is viewed with another less brilliant, the latter, although 
in reality white, appears to have the complementary color of the former. 
In this way a large and bright yellow object will cause other objects 
to seem violet ; and crimson, produce the effect of green. In many 
cases, however, there seems to be a real difference in the color of the 
oonstitaents of double stars ; for when one of them is concealed by 
introducing a slide in the telescope, the other still retains its color. 

Of 596 bright double stars contained in Struve's catalogue, 120 pairs 
are of totally different hues. The number of reddish stars is double 
that of the bluish stars ; and that of the white stars 2i times as great as 
that of the red ones. 

dm That some stars have changed in color is an established fact. 
Ptolemy and Seneca expressly declare that Sirius was of a reddish hue ; 
whereas now it is of a brilliant white. Stars described by Flamstead 
were found by Herschel to have changed in this respect ; and y Leonis 
and 7 Delphini have changed since his time. 

— 354 BiNABY STABS are doable stars one of which revolves 
around the other, or both revolve around their common cen- 
tre of gravity. 

a. History of the Discovery, — The discovery of this connection 
between the constituents of double stars was, perhaps, the grandest of 
Sir William Herschers achievements. It was announced by him iq 
1803, after twenty-five years of patient observation, which he com- 
menced with the view to discover the stellar parallax by noticing 
whether any annual change in the relative positions of double stars 
existed. To his astonishment, he found from year to year a regular 
progressive movement of some of these bodies, indicating that they 
actually revolve one round the other in regular orbits, and thus that 



* C(mk.]^l£rMniary colors are those which being blended produce white. 
They are red^ yeUow^ and Uiie, The complementary color of any one of 
these is a combination of the other two. Thus orange is complementary of 
blue ; and grem^ of red. 

Qint8Tioirs.-~<i. Change of color in stan? 864 What are binary stars ? a. How 
dlM«otW«d f 



THE STARS. 



253 



the law of gravitation extends to the stars. These stars are called 
Binarj^ Stars, or SysternSt to distinguish them from other doable stars 
which, althoogh perhaps at immense distances from each other, ap- 
pear in dose proximity, because, aB viewed from the earth, they are 
very nearly in the same visual line, and therefore are said to be 
opHeaUy double. 

355. The observations of Herschel resulted in the dis- 
covery of about 50 binary stars; but since his time the 
number has been, according to Madler, increased to 600. 
Most of the double stars are believed to be binary systems. 

356. Orbits and Periods of Binary Stars.— A very 
careful scrutiny of these bodies and their changes in posi- 
tion has shown that they revolve in elliptical orbits of con- 
siderable eccentriciiy and in periods greatly varying iiLlength. 

The foUamng is a list of the most remarkable of these bodies, with 
their periods, and the semi-aaes and eceentridtiei of their orbits : 



Name. 


Period. 


Sbhi-Axis 
Majoh. 


BcGBNTRicmr. 




Years. 


n 


- 


CHerculis, 


86.8 


1.25 


0.44 


9 Coronie Borealis. 


43.6 


0.95 


0.28 


Sinus, 


49. 


7.05 


. 


C Cancri, 


58.9 


1.29 


0.23 


^ UrsBB Majoris, 


68.1 


2.45 ' 


0.39 


n Centauri, 


75.3 


30. 


0.96 


u Leonis, 


84.5 


0.85 ! 


0.64 


70 Ophiuchi, 


92.8 


4.19 


0.44 


y Coronse Australls, 


100.8 


2.54 


0.60 


f Bootis, 


117.1 


12.56 


0.59 


JCygni, 


178.7 


1.81 


0.60 




181. 


10.33 


0.77 


7 Virgin^r* 


182,1 


8.58 i 


0.87 


a Coronse Borealis, 


195.1 


2.71 ! 


0.30 


Castor, 


252.6 


8.08 1 


0.75 


61 Cygni, 


452. 


15.4 i 




fi Bootis, 


649.7 


3.21 


0.84 


7 Leonis, 


1200. 






♦ From the 


Latin word bini. 


meaning two by i 


'«». 



Qu£8Ti02f(k— 8SS. How many dticoyeredf 896. Th«ir or1)ita ard periodii ? 
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It will be obflenredfirom the preceding table that tlie eccentricltiea of 
these orbits are as great as those of the comets. 

b* pimensions of Stellar Orbits. — In this table the semi-axis is 
giyen as seen perpendicularly from the earth ; but to find the actual 
dimensions of the orbit, the parallax must be ascertained. The 
problem is then a simple one. Thus, the semi-axis of a Centauri is 
80"; but since its parallax is 0.9187", 1" must at that distance sub- 
tend more than the semi-axis of the earth's orbit in t^e proportion 
of .9187 to 1 ; that is, it must be 1.088 ; and 30" must subtend 
' 1.088 X 80 = 82.64 times the semi-axis of the earth's orbit, which 
is equal to about 8,000 millions of miles. Now, the eccentridtjr 
is .96 ; and therefore the nearest distance to the central star is only .04, 
or 120 millions, while the farthest distance is 5,880 millions. In the case 
of 61 Cygni, the semi-axis is 15.4', while the parallax is 0.8688" ; hence, 
1" subtends at its distance 1 -!-.3688 = 2.75 (nearly) ; therefore the 
semi-axis 2.75 X 15.4 = 42.85 times the semi-axis of the earth's orbit, 
which is equal to 8,875 millions of miles. 

c. The foUowing Hit contains aU the stars whose paraUax has been 
found : 



Name. 


Paballax 


Name. 


Pabatjax 


a Centauri, 


II 

0.9187 


Q Lyne, 


0.156 


61 Cygni, 


0.5688 


Sinus, 


0.150 


21258 Lalande, 


0.2709 


t Ursee Majoris, 


0.188 


17415 Oeltzen, 


.247 


Arcturus, 


0.127 


1880 Groombridge, 


.226 


Polaris, 


0.067 


70 Ophiuchi, 


.16 

1 


CapeUa, 


0.046 



d, Masses of the Stars. — The joint mass, and in some cases the 
separate masses, of each pair of revolving stars can be ascertained, 
when we know their period and distance from each other. Thus, taking 
Sirius for example, we find its distance from its companion star to be 
47 times the earth's distance from the sun, while its period is 49 times 
ss great as the earth's. Hence, by the law stated in Art. 806, a, the 



QuBsnoiTB.— d. Size .of prbita— hoir foandf The ealcaletionf e. What Is the 
nearest fixed ttarf Parallax of Sirius f What distance doM it denote? CapeUa? 
tU Masses of the 8tanH-<hoir calculated f 
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AaaB of the Biin being 1, that of Sirius and its pompanion is 47^ h- 49' 
= 43^. Now, it has been discovered* that Sirius is situated at a dis- 
tanqe from the centre of gravity of both revolving stars equal to 16^ 
times the earth's distance from the sun ; and therefore the companion 
star is 47 — 16^ = 30| that distance ; and as their masses are in inverse 
proportion to their distances from the centre pf gravity, the mass of 
Sirius is to that of its satellite as 30^ to 16i, or as 123 to 65. Conse- 
quently, the mass of Sirius is iff X 43i = 28.3 times the mass of the 
sun ; and, if the densities are the same, its diameter is V28.3, or a lit- 
tle more than three times that of the sun, and its disc 9 times as great. 
But photometric measurements have shown that its light is 400 times 
as great as that of the sun would be if the latter were removed to the 
distance of Straus ; so that the materials of this star must be much 
less dense, or its light intrinsically far more brilliant, than that of the 
solar orb. 

"~^« The Sun a Small Star. — By certain photometric comparisoxiB 
recently made by Messrs. Clark and Bond between the star Vega 
(a Lyrae) and the sun, it has been shown that if the latter body were 
removed to 133,500 times its present distance, it would send us the 
same quantity of light as the star. But the nearest star (a Centauri) 
is more than 200,000 times as far from us as the sun ; and Vega, about 
six times as feu: as a Centauri. Hence the sun, if removed to the dis- 
tance of the nearest star, would shine only as a star of the second 
magnitude ; and if removed to the mean distance of stars of the first 
magnitude, would appear as a star of the sixth magnitude, and be just 
visible to the naked eye. It would seem therefore that the sun, mag- 
nificent luminary as it appears to us, is only one of the smallest or 
least brilliant of the stars. 

-557. Physical Constitution of the Stabs. — An analy- 



ois of the light of the stars indicates that they consist of 
solid incandescent matter surrounded with an atmosphere 
containing the vapor of some of the elementary substances 
existing on the earth ; such as mercury, antimony, sodium, 
hydrogen, etc. 
(U Spectrum Analysis. — The band of rainbow colors, called the 

* By Mr. Safford, of Chicago. 

QUEBTIONS. — e. Is the sun a large or a small star f 357. PhTsical constitution of the 
stars! How indicated? a. Spectrum analysift— what is it? How was the method 
discovered ? 
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m)lar ipedrum, produced by causing the sun's rays to pass through a 
I^eoe of triangular giaaa called a prism, was noticed as early as 1802; 
by Wollaston, to be crossed by dark bands or lines ; and in 1815, 
PVaunhofer, by examining the spectrum with a telescope, discovered 
as many as 500 of such lines, and since then the number perceived has 
mcreased to thousands. Now, it has also been observed that, when 
the light of any inflamed vapor passes through a prism, its spectrum 
consists of one or more bright-colored bands, differing in number, 
relative position, and color, according to the substance from which the 
vapor proceeds ; but that when the light of any incandescent but not 
taporieed substance is made to pass through the inflamed vapor, the 
bright-colored lines are immediately changed to dark lines, the vapors 
absorbing from the light the same kind of rays which they themselves 
emit. Hence it is inferred that the substances whose peculiar lines are 
found in the solar spectrum are contained in a vaporous condition in 
the solar atmosphere, and as many as fourteen have been already iden- 
tified. The stellar spectra also exhibit similar dark lines, each star 
having a peculiar series of them ; and some are recognized as produced 
by the burning of substances found on the earth. Thus, some of the 
metals are found in some of the stars, and others in other stars ; and 
this is thought to account for the difierent colors which the stars pre- 
sent. Sirius has been discovered to have five of our elements ; and 
Aldebaian, nine. 

358. Stars that appear double when viewed through an 
ordinary telescope are often separated by more powerful 
instruments, into triple, quadruple, or other multiple stars. 

^^g- 110' ^ rr. Examples are furnished by 

the following stars : ^ Ly rsB, already 
referred to, which consists of two 
stars, each of which is double; 
C Cancri (Zeta of the Crab), com- 
posed of three stars, two large and 
one small ; ^ Ononis (Theta of 
Orion), a very remarkable star, 
consisting of four bright stars, 
two of which have small compan- 
oBioNTB. TBAPEziuM OF OBION. lou stsTS, thus formlug a sextuple 

QunTiONB.~86S. What are triple stars, etc. a» Examples ? Trapesiiim of Orion? 
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itar. From the configuratXcn <;f the four principal stara this is 
eame^mM CMlled the trapmum of Orion. (See Fig. 119.) As aU these 
Stan have the same proper motion, they are believed to constitute 
one system. It is said that a seventh star belonging to this system 
has been discovered by Mr. Lassell. 

— 359. Vabiable stars ai-e those which exhibit periodical 
changes of brightness. The number of such stars discov- 
ered up to the present time (1867) is about 120. They are 
sometimes called Periodic Stars. 

a. Ezamples.-^ne of the most remarkable of these stars, and the 
first noticed (by Fabricius in 1596), is Mira— *Ae wonderful^m the 
Whale (o Ceti). It appears about 13 times in 11 years ; remains at its 
greatest brightness about a fortnight, being equal to a star of the 3d 
magnitude ; decreases for about 3 months, and then becomes mvisible, 
remaining so 5 months, after which it recovers its brOlancy ; the period 
of all its changes being about 3314 days. 

Algol {0 Persei) is another remarkable variable star of a very short 
period, it being only 2* 20'* 49". It is commonly of the 2d magnitude, 
from which it descends to the 4th magnitude in about 3i hours, and 
so remains about 20 minutes, after which in 3i hours, it returns to the 
2d magnitude and so continues 2^ IS**, when similar changes recur. 
Observation shows that the period of Algol is less than it was in for- 
mer years. Its variability was first noticed in 1669. 6 Cephei is 
remarkable for the regularity of its period, which is 5^ 8>> 47">. Beteh 
gettse, one of the four stars in the great quadrangle of Orion, has a period 
of 200 days. There is a star in Cygnus the variations of which are 
efiected in 406 days. Three of the seven stars of the Great Dipper in 
Ursa Major are variable stars, their periods extending over several 
years. The double star y Virginis is also variable, its two component 
stars having changed in brightness, the most brilliant becoming infe- 
rior to the other, a Cassiopese is also variable as well as double ; and 
th«e are several others. According to Mr. Hind, the color of most 
variable stars is ruddy. 

'^ b. Cause of Variable Stars.— Several hypotheses have been sug- 
gested to account for these interesting phenomena. One is that these 
bodies rotate and thus present sides difiering in brightness, or obscured 

QTrBBTiON&— il59. What are variable stars? How many discovered? a, Mira? 
Algol ? Otiier examples ? b, Canse of variable stars ? 
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bf spots similar to those which aie seen on the solar disc ; another, that 
their light is obscured by planets revolving around them ; and a third, 
that their light is diminished by the interposition of nebulous masses, 
since it has been observed that during their minimum brightness they 
are often surrounded by a kind of cloud or mist. No one of theso 
hypotheses is entirely satisfactory, and hence we may condude that 
the true cause of the variability of these stars is unknown, 
c. The foUoioing is a list of the mast interesting of these bodies: 



Name. 


Period. 


Changes 
OP Magn. 


1 

Name. 


Period 


Changes 
OF Magn. 




Days. 


From to 




Dajs. 


From to 


/? Persei, 


2.86 


2i 4 


a Herculis, 


m 


3 4 


6 Cephei, 


5.36 


4 5 


Ceti, 


33U 


2 


V AquilaB, 


7.17 


3i 4i 


V HydrsB, 


449i 


4 10 


/3 Lyrae, 


12.9 


3i 4i 


V ArgOs, 


46yr8 


1 4 



^ 360. Temporary stars are those which suddenly make 
their appearance in the heavens, sometimes shining with 
very great brilliancy; and, after a while, gradually fade 
away, either entirely disappearing or remaining as faint 
telescopic stars. The latter are properly called New Stars. 

a. Ancient Instances. — The first on record was observed by Hip- 
parchus, in the second century B.C. ; and it was the appearance of this 
star that prompted him to make a catalogue of the stars, — the first 
ever executed. This star seems to have been noticed also by the 
Chinese, as its appearance is mentioned in their chronicles under the 
date of 134 B.C. Brilliant stars appeared in or near Cassiopeia in the 
years 945 and 1264 A.D. 

b. Star of 1672.— This was a very remarkable one, and is described 
by Tycho BraliC,'who observed it attentively. It appeared first as a 
star of the first magnitude, blazing forth with the lustre of Jupiter or 
Venus, and occasioning the greatest astonishment not only to scien- 
tific men, but to the common observers. For a while it was vieible 



QuB8Tio>^s.— r. The most remarkable of these stars? 860. What are temporary 
■tara? New stars? a. Ancient iDstaneas ? 6. Tycho* s star? 
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even at noon. It lasted firom Noyember, 1572, to March, 1574,-17 
months. Its color was successively white, yellow, red, and white 
agsdn ; and its position in the heavens was the same during tiie whole 
time it remained visible. This star is supposed to be identical with 
those which appeared in 945 and 1264, all three being in fact apparitions 
of a variable star of a long period ; and some astronomers regard all 
temporary Btars as of this character. 

'^ Cm Other Examples. — In 1604 a very splendid star, remarkable for 
its vivid scintillation, shone forth in the constellation Ophiuchus, 
and lasted 15 months. This star was observed by Kepler and Galileo. 
In 1670 a star appeared in Cygnus, which attained the 8d magnitude 
and was visible for about two years, blazing out suddenly a short time 
before its final disappearance. On April 28th, 1848, a new star of the 
5th magnitude was discovered in Ophiuchus, which in a few weeks 
rose to the 4th magnitude, but subsequently dwindled to the 12th mag- 
nitude, and still remains as a telescopic star. Lastly; a new star was - 
seen in May, 1866, in Corona Borealis. It first appeared of the 2d 
magnitude, and of a pure white color ; but in a week had changed to 
the 4th magnitude, and a month afterward diminished to the 9th. 
** It is worthy of especial notice," says Sir John Herschel, " that all the 
stars of this kind on record, of which the places are distinctly indi- 
cated, have occurred in or close upon^ie borders of the Milky Way." 

'^ d. Cause of Temporary Stars.— Ko satisfactory hypothesis has as 
yet been advanced to account for these phenomena. Some have sup- 
posed that these stars are revolving in elliptical orbits of great 
eccentricity so that they sometimes approach very near us, and then 
recede to great distances ; but this is rendered improbable by the sud- 
den changes in brilliancy ; since, to pass from the first to the second 
magnitude, it is computed by Arago, would require six years, if the 
star moved with the velocity of light ; whereas, that of 1572 underwent 
this change in one month, and that of 1866 diminished to the extent 
of five magnitudes in the same time. Another hypothesis is, that 
extensive conflagrations take place on the surface of these bodies, 
which in their progress give rise to the observed changes in color and 
brightness, and at their extinction leave the body in an obscure state. 
The latter hypothesis has received some support from the recent inves- 
tigations made by Huggins, Miller, and others, by means of the 
spectrum analysis ; for the light of the star of 1866 was shown by 

QuiSTiONB.—«. Kepler's star? Others? d. Caase of temporary stars? 
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these experiment to proceed from matter in the state of lominoti^ gas, 
chieflj hTdrogen. Hence it is suppoied that, by some great convulsion, 
large qnantitieB of gas were evolyed tram the star, that the hydrogen 
was burning in combination with other elements, and that the inflamed 
gas had heated to incandescence the solid matter of the star. This 
hypothesis does not involve the necessity of destruction; but, as 
remarked by Humboldt, only " a transition into new forms, determined 
by the action of new forces. Some stars which have become obscure, 
may again suddenly become luminous, by the renewal of the same 
conditions which, in the first instance, developed their light." 

- 3G1. Numerous instances are on record of stars formerly 
known to exist which have entirely disappeared from the 
heavens. These are called Lost or Missing Stars. 

a. Examples.— Several of the stars in the catalogue of Ptolemy 
were not to be found in 1483, when the catalogue of Ulugh Beigh was 
made at Samarcand ; and it is now known that 4 stars in Hercules 
have disappeared, 1 in Cancer, 1 in Perseus, 1 in Pisces, 1 in Hydra, 1 
in Orion, and 2 in Coma Berenices. Sir William Herschel recorded in 
1781 the star 55 Herculis ; but nine years afterward it was invisible, and 
has never been seen since. In 1670, it was remarked by Montanari, a 
distinguished astronomer, " There are now wanting in the heavens two 
stars of the 2d magnitude in the stem and yard of Argo. I and others 
observed them in 1664, but in 1668, not the least glimpse of them was 
to be seen." 

b» Why Stars Disappear.— Some of the instances mentioned by 
early astronomers, of lost stars may be the result of erroneous entries J 
but those of later times can not possibly be accounted for in this way. 
Revolving in orbits, they may have passed beyond the reach of the 
most powerful telescope ; or they be obscured by the interposition of 
great nebulous masses, and thus are only concealed for a certain period, 
which however may comprise hundreds, or even thousands of years. 

__ 362. Star-Clusters. — These ai'e dense masses of stars so 
crowded together, and so far distant, that they present a 
hazy, clond-like appearance, similar to that of the Milky 
Way. 

QnE8Ti«wB. — 361. Lost stars? a. Examples? b. Why do stars disappear? 96 \ 
What are star- dusters ? 
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cr. Collections of stan vigiWe as such to the naked eye, although 
considerably crowded, are called Har-groups. Such are the Pleiades, 
the Hyades, and the grovp which constitutes the constellation Berenice's 
Hair. The first of these is a well-known object consisting of six stars 
when viewed by the naked eye, but exhibiting about 80 to the tele* 
scope. Seven of these stars have received special names, Akyoni 
being the brightest. 

363. Among star-clusters, a very small number are suffi- 
eiently bright to be distinguished by the naked eye ; bu* 
generally they require a telescope to render them visible. 

- a. Between the Fiff. 120. 

bright stars in Cassi- 
opeia and Perseus, 
there is a visible clus- 
ter, one of the most 
glorious objects in the 
heavens. (Fig. 120.) 
The remarkable group 
called PrcBsepe, or the 
" Beehive," is another 
example of a duster 
visible without a tele- 
scope, but only as a 
spot of cloud It is mTTo— »« .>..«T. 

'^ CLTTBTEB IK PKB8XITB. 

situated in Cancer. 

- 364 The prevailing fobm of the telescopic clusters is 
circular, with a gradual condensation of the luminous points 
toward the centre, indicating probably that the real form 
is that of a globe. Some of the clusters when viewed 
through powerful telescopes assume a much more irregular 
appearance, although their general form still appears to 
be spherical. Very irregular clusters are rare. 

a. Examples. — A remarkable cluster surrounding the star Eappa 

QUESTioira. — a. Star- groups? Examples? 363. Aro Btar-clusters visible to the 
naked eye? a, Ezain|^les? 861 PreyaiUngform of clusters? a. Remarkable clusters? 
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of the fiouthem CrosB 
consists in -p^^tt of colored 
stars ; and another in the 
southern hemisphere is 
composed entirely of hlue 
stars. The one situAted 
between Eta and Zeta in 
the constellation Hercu^ 
les is a peculiarly mag- 
nificent object in our 
northern heavens on fine 
nights, and is visible to 
the naked eye as a very 
small nebulous spot or 
fidnt star. In the tele- 
scope its general appear 
ance is considerably 
CLUBTKB IN HEBCULB8.— ^<r J. Eerschd. changed by the addition 

of several outlying branches. This splendid object is represented in 
Fig. 121, in which its remarkable condensation at the central portions 
is strikingly exhibited. Very many objects of a similar character are 
visible in diff*erent parts of the heavens. 

b. These globular clusters are supposed to be. held together by their 
motions and mutual attractions. That there must be a real conden- 
sation is obvious from a simple glance at such an object as that depicted 
in Fig. 121 ; since the increase of brightness toward the centre is for 
too great to be explained on the supposition that the stars are equally 
distributed, but appear closer together at the centre, because the visual 
line traverses there a much greater portion of the mass. 

c. The number of stars contained in these clusters is very great. 
According to Arago, many clusters coQtaiu at least 20,000 collected 
in a space, the apparent dimensions of which are scarcely a tenth as 
large as the disc of the moon. The clusters are not equally distrib- 
uted over the heavens, but are most numerous in the Milky Way ; 
while globular clusters most abound in that region of the Galaxy 
contained between Lupus and Sagittarius in the southern hemisphere. 

* ^— — — — — ^— — 

Questions.— 6. Cause of the globular form? Are the stars equally distribnted f a 
Kamber of stars in a cluster ? Ara the clusters equally distributed f 
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— -365. TSiEBJJLM are certain faintly luminous appearances in 
the heavens, resembling specks of cloud or mist, some just 
visible to the naked eye, but the greater part only to be 
discerned with a telescope. Th&y resemble in their general 
aspect the distant star-clusters, but their physical structure 
appears to be very diflFerent 

366. Their distance from us must be immense, since 
they constantly maintain very nearly the same situation 
with respect to each other and to the stars. Their magni- 
tudes also must be inconceivably vast. 

a. History of their Biscovery, — It is only in quite recent years 
that any distinction could be positively made between nebulae* proper 
and those immense star-clusters which present a nebulous appearance 
on account of their great distance. The first of these objects mentioned 
in the annals of astronomy was discovered in 1612, by Simon Marius, 
a German astronomer. This was the nebula situated in the girdle of 
Andromeda. In 1656, Huyghens discovered the great nebula in Orion, 
which he compared to an " opening in the heavens through which a 
brighter region beyond was visible." In 1716, Halley could enumerate 
only six, to which he added a few by his own discoveries ; and during 
the next half century, the number was augmented to about 100. The 
labors of Sir William Herschel, directed to the investigation of this 
department of astronomy lor more than twenty years, enabled him in 

• Netnila i« a Latin word meaning a little cloud» Plural, ndndce, 

QmnnoNB.— 365. What are nebnln f 866. Their distance ftrom ns f a. When and 
by irhom diacorered ? 
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1802 to publish a catalogue of 2,500 nebulae and clufltera ; and the 
subsequent rasearclies of his son, Sir John Herachel, in the southern 
hemisphere has increased this number to more than 5,000. Very great 
additions, however, have been made to our knowledge of these inter- 
esting objects bj the labors of Lord Rosse, aided by the largest 
reflecting telescope ever constructed, and bj the application of the 
spectrum analysis. 

- 367. Nebulae are distinguished from clusters by not being 
resolved into stars when viewed through the most powerful 
telescopes, presenting the appearance of diffuse luminous 
substances, filUng vast regions of space, and difEering in 
form, and degree of condensation. 

a. Resolvabto and Irresohrablo Nebute.— Herschel at first 

thought aU nebulae resolvable into stars ; but his subsequent investi- 
gations convinced him that this was an error ; and he accordingly 
divided these objects into resolvable and irreioivable nebula ; the first 
being those vast star-clusters which exhibit a nebulous, or cloudy 
aspect, because of their comparatively crowded condition and great 
distance from us ; and the second, according to his conceptions, im- 
.mense aggregations of setf-luminous matter, of great tenuity, but 
gradually condensing into solid bodies like the sun and stars. This 
bold conception of Herschers had been entertained by Tycho Brahe 
and Eepler, who suggested that the new stars seen in their time were 
caused by aggregations of the ethereal matter filling space. The 
first discoverers of the nebulae also noticed an essential difference 
between the light of these great phosphorescent masses and that of 
the stellar clusters, fancifully comparing the former to glimpses of the 
empyrean disclosed by rents or chasms in the celestial vault. Laplace 
applied this conjecture of Herschel's, under the name of the " Nebular 
Hypothesis " to the solar system, in order to explain the manner of its 
evolution. (See page 202.) Many of the irresolvable nebulae of Sir 
William Herschel having been resolved by the great telescope of Lord 
Rosse, or having given indications of being resolvable into stars, the 
opinion came to be almost universally entertained that all nebuUB are 
star-clusters, some so distant that light requires millions of years to 
pass from them to us. But the spectrum analysis has proved this to 

QvcsTiovL— ^7. How disUnguiahed from cliutert ? a. Hoir hat thto 4iitliic<ion 
hHfo. ettoblithed ? 
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be enoneooB, by showing that these luminous masses consist of 
fa9eou9, not acHid matter i so that Herschel's hypothesis would seem to 
be established. These diffuse and attenuated substances constitute 
thus a peculiar class of objects in the starry heavens, and are the 
ndnUa defined in the text, although some astronomers still continue to 
classify them with the clusters which have a nebulous appearance. 

— 368. Nebulae abound chiefly in those regions of the 
heavens in which the stars are least numerous, that is, in 
the vicinity of the Galactic Poles, and are more uniformly 
spread over the zone which surrounds the South Pole. 
Where stars are excessively abundant, nebulae are rare. 

a. Herschel found this rule to be without exception ; and whenever, 
during a brief interval, no star passed into the field of his telescope, 
aS in the diurnal motion the heavens swept by it, he was accustomed 
to say to his secretary, " Prepare to write : nebulae are about to arrive." 

— 369. Nebulae may be divided, according to their form, 
into the following six classes; namely, ellipticy annular ^ 
^irdli planetaryy stellar, and irregular nebulce. 

— 370. Elliptic NEBULJsare such as ^k- ^^a. 

have the elliptical or oval form. They 
are quite numerous and are of various 
degrees of eccentricity. 

^ — a* Bxamples.— A remarkable nebula of this 
kind is represented in Figure 122. It is situated 
in the right foot of Andromeda. The most 
noted of these nebul» is that in the girdle 
of Andromeda, already referred to as the first 
nebula discovered. It is one of the grandest 
and least resolvable in the heavens, and is 
visible to the naked eye ; so much so, indeed, 
that it is strange none of the ancient astrono* 
mers ever observed it. In very powerful tele- 
scopes, such as that at Cambridge, Mass., it 
presents some quite striking peculiarities of ^^^^"^^Smt " ^' 

Quiwnoits.— 868. Where aranebolAalMmdantf «u Hencher* remark f t69. How 
arenebule elassified? 370. EUiptie nebuUe? a. The nebnla ia AndroauMU. 
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fionn, two dark defU appearing to divide it langitudinallj ; while itt 
length, as viewed through thia initmment hj Pxofl Boiid» ia 4% and 
its hmdth, 2^'. 




Ar^cTjLAii NrcTTLA Ts I.T2A.— 1. Sif Johfi ffcr$:hel ; 2. Lctd Hone, 

371. Annulab nebulje are such as have the form of a 
ring. These are yery rare> the heavens aflfbrding only four 
examples. 

^ a. The most remarkable one is found in Lyra, situated betwe«i 
the stars Beta and Oamma, and may be seen with a telescope of mod- 
erate power. It is slightly elliptical and has the appearance of a flat 
oval rin^, the opening occupying somewhat more than one-half of the 
diameter. The central portion is not altogether dark, but is crossed 
with faint nebulous streaks, compared by some to gauze stretched over 
a hoop. The telescope of Lord Rosse shows fringes of stars at its 
inner and outer edges. (See Fig. 123.) The other annular nebuls are 
two in Scorpio, and one in Cygnns. 

372. Spibal Nebula are such as have the form of one 
or more spirals or coils ; in some cases presenting the 
appearance of continuous convolutions, or whorls ; in oth- 
ers, of great spiral arms or branches projecting from a central 
nucleus. 

a. The discovery of nebulse of this remarkable form is due to Lord 
Bofise, no indication of it whatever having been affi>rded by the great 

QunnowB.— 371. What are annular nebulie ? Their namber? a. The moat remarka- 
ble r 8T3. What are spiral nebals ? a. By wliom dlMoreredt The moat remarkable? 
Peacribe the one in Leo. 
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Me0O(9po €f Bfr W&liBm HenebeL Hie gtiuckdnst olject of this kind 
iB-haod in Csnes Venatiei. BiiTHaot 8i»iml8, nneqnal in nze a^ 
lirightnei8» and a^t»^i«nitly overapread urith a moltitnde of stars, 
cBmge fh>m the central nndeiw, the whole suggesting the idea of a 
xotarj movement ^f considerable rapidity, and the play of forces at 
which the imagination is startled when it contemplates the immensity 
of space filled by this wondrous object 
Fig. 124. 




BPIBAL HKBULiB IN LEO.— £or(2 Ji09S«. 

Figure 124 represents a very beautiful object of this kind in the lower 
Jaw of Leo, the spiral form being clearly brought out in Lord Rosse^s great 
telescope. The convolutions are nearly all closed, so as to assume almost 
the form of concentric ellipses, the central one containing what appear like 
seyeral distinct stellar nuclei. 

373. Plaitbtabt Nebula are those which, ifl their cir- 
cular or slightly elliptical form, their pale and uniform light, 
and their definite outline, resemble the larger and more dis- 
tant planets of our systenL 

a* One of the most striking of this dass is found in Ursa Major 
(near p), the light of which, in Sir John Herschers drawing, is quite 
nnifofm ; but when seen through Lord Bosse's telescope, it presents 
the appearance depicted in Fig. 125 (No. 1). The disc is about 3' in 
diameter, and exhibits a double luminous circle with two dark openings, 

QramoHS.— 8T& What are planetarj nebaliB? cb What examples are giren, an4 
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each containing a bright but partiaUy nebulous star. Na 2 in tha 
eame Hgure, represents a nebula near k {Kappa) in Andromeda, which, 
though perfectly round in Herschel's drawing, appears in Lord Be88S> 
like a luminous ring surrounded by a wide nebulous border. 




PLANRABT MXBULA 1, JX 1TB8A UAJQM i 8, IN AKDBOMXDA. 

b. The number of planetary nebul» discovered is about 25, three, 
fourths of which are in the southern hemisphere. Several described by 
Sir John Herschel are of a blue color, in some cases with a tinge of 
green. 

f • The size of these objects must be amazingly great. That of 
Ursa Major, if no farther from us than the nearest star, a Centauri, 
would be sufSciently large to fill a space equal to three times the orUt 
of Neptune i»but there is reason to believe that it is more than 1,000 
times as large as this. How vast then must be the size of such a neb> 
ola as that in Andromeda ! 

In Fig. 126, 1 and 2 are representations of planetary nebuls. The 
former is in Aquarius and is quite remarkable for its brightness. 

~^ 574. Stellar Nebulje are those which appear to envelope 
one or more brilliant spots or points, resembling stars sur- 
rounded by a nebulous border or ring. There are several 
varieties, the most important of which are nebut&us stars. 



QTTE8TION8.— />. Their number ? r. Sise ? 874. What are itelUr nebulfi f 
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-^376. Nebulous Stabs are stars encircled by a nebulous 
border, which in some cases has a clearly defined outline, in 
others gradually shading off into the general appearance of 
the sky. 

Pig. 126. 




a. Such Stan differ from other stars only in having this ap|)arently 
nebulous atmosphere. If the nebula is circular the star occupies the 
centre of it ; while in the case of some that are elliptical, two stars are 
placed at the foci. 

lu the above cut (Fig. 126), No. 6 represents a remarkable nebulous star 
in Cygnus. The star is of the 11th magnitude, and is at the centre of a 
perfectly circular nebula of uniform light, and about 15' in diameter. Ko. 4 is 
a stellar nebula in Sobleski's Shield, of an elliptic form, and having two stars 
at the foci of the eUipse. These stars are described by Sir John Herschel 
ajB of a gray color. No. 3 is the representation of a nebula bearing a re- 
semblance to a comet. It Is found in the tail of Scorpio. There are several 
other instances of such nebulae, which from their appearance are called 
amical or cornetary nebula. In the ease of each the stellar, or bright, point 
is at one extremity of the nebulous mass. 

6. It has been thought by some that the connection between these 
nebulse and stars is not real, but is merely the effect of perspective, the 
one being situated behind the other, but separated by a wide interval. 
It IS, however, very improbable that so many of these nebulae should 
be found with stars placed exactly at their centres, some gradually be- 
coming fainter towards their borders, if there were no physical con- 
nection between them ; especiaUy as, up to the present time, no 
difference in their proper motion lias been discovered. 

e. It seems, therefore, probable that these are stars encompassed 
with very extensive atmospheres in the same way, perhaps, as the 
luminous centre of our system is enveloped in what we call the Zodical 



QuRSTioxB - 375. NpIhIous stars ? a. How different from other stars f VIThat ex- 
amples represented in Fig. 126 ? b. Is the connection between the star and nebula op- 
tlcal or phynicMl ? r. Their probable nature ? 
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Light, the ran Haelf being in vbMj a nebnl^iit il«r ; tal <ha fttmot. 
pherie mrtAopm of the otlier man refsRed to mnst be yasUj mote 
esteadTo. The one in Cygnne» deecribed mbove na 15' in diamaler.ittd 
therefore extending 450" beyond the oentnl star, mnel, if the oljoct 
it 011I7 at Ihr from oa aa a Centanii. haTe an extent eqnal to fifteen 
timea the diatanoe of Neptone from the son. 

879. I&BEGULAB NsBUUB are such aa have no symmetry 
of form and scarcely any diatinctneag of ontUne, and ajre alao 
remarkable for the diversity of brightness which they exhilnt 
at diflTerent parts. 

a* Arago remarks of th^pe diffbee masBee of nebnloaa matter, that 
" thej present all the fimtasUc figures which characterize douds car- 
ried awnj and tossed about by violent and often contrary winds." The 
most rema^aUe of these ofcjeets are the following: 

Tic. 127. 




«««»ioira-^«.^«^**"«rri^alar nebula? a. Thdr g«Trf •ppwr««f 
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^\, The Grab NUMa in Taurus (Fig. 127).— This ringular object has 
Ail eOiptie outline in ordinary telescopes, but in Lord Bosse's great 
reflector it presents an appearance which has been &ncifully likened 
to a crab or lobster with long daws. 

^^2. The OreatNdnda in Orwm.— This is probably the most magnifi* 
cent of all the nebul». It is very irregular in form ; of immense 
extent, covering a surface more than 40' square; and consists of 
patches varying considerably in brightness. Near the feunous sextuple 
star Ononis, already described, it is very brilliant ; but other portions 
are quite dim, and some absolutely black. It was thought that por- 
tions of this nebula had been resolved into stars by the telescopes of 
Lord Rosse and Prof. Bond ; but the experiments of Messrs. Huggins 
and Miller with the spectroscope have proved conclusively the gaseous 
nature of this object ; the light from the brightest part of the nebula 
giving a spectrum of only three bright lines, indicating the presence 
of hydrogen, nitrogen, and a third substance unknown. The examina- 
tion of other portions gave similar results. 

3. The Great Nebula in Argo. — This is another very irregular and 
extensive nebula, covering a space equal to five times the disc of the 
moon. It contains a singular vacancy of an irregular oval form near 
the centre, and not very far from the variable star Eta " It is not 
easy," says Sir J. Herschel, " to convey a full impression of the beauty 
and sublimity of the spectacle which this nebula offers as it enters 
the field of the telescope, ushered in as it is by so glorious a pro- 
cession of stars, to which it forms 
a sort of climax." This nebula is 
remarkably destitute of any indica- 
tions of resolvability. 

4 The DunOhbeU Ndyula (Fig. 
128.)— This object is found in Vul- 
pecula, and derives its name from 
its singular appearance as viewed 
through a telescope of moderate 
power. In Lord Rosse's telescope 
it assumes a form of less regu- 
larity, and appears to consist of in- dumb-bkll nebxtla.— J7er«eA«2. 



Fig. 12a 




QunnoKS.— HowiatheCWlb^«^tt^adeaeribedr The Great Nebula in Orion ? That 
in Argo t Dnmb-bell nebula 1 
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numerable start mixed with a mass of nebuloua matter. These jh%f 
be only oentiea of condensation. 

5. The Magellanic Olovds.—TheBe are situated in the southern faem'^ 
isphere and not far from the pole, and are called sometimes Nubeeuh 
M^jor and Mimr, or the GHreater and Lesser Cloudlets, The former is 
in Dorado ; the latter in Toucan. These objects are distinguished for 
their great extent, the larger one covering a space of about 42 squarf 
degrees, and the smaller being of about one-fourth that extent, but of 
greater brightness. The telescope of Sir J. Herschel decomposed the^ 
into separate stars, star-clusters, and numerous distinct nebulse. In 
the larger doud, Herschel counted 582 single stars, 46 star-dusters, and 
291 nebulae ; and in the smaller cloud, 200 single stars, 7 star-dusters, 
and 37 nebulae. In the immensity of their extent and the diversity 
of objects which they present, they are only comparable to that ap- 
parently greatest of all dusters, the Milky Way. 

377. Double Nebula are those which indicate by their 
close proximity to each other that they have a physical 
connection. More than 50 of such objects have been 
enumerated, the component nebulae of which are not more 
than 5' apart 
Fig. 129 represents an object of this kind, found in Gemini. It is com- 
posed of two rounded masses, 
terminated by brilliant ap- 
pendages and enveloped in a 
nebulous mass, the whole sur- 
rounded by light luminous 
arcs resembling fragments of a 
nebulous ring. 

378. Variable Neb- 
ula are those which un- 
dergo changes in appar- 
ent form and brightness. 
V a. Several instances of 
BVLch changes have been 
positively ascertained by 
Struve, D* Arrest, Hind, and other distingmshed^astronomerB. The 



Fig. 129. 




POXTBLK NEBUT.A. — Lord R088e. 



QinE8Tioy8.->MageUanic Clouds? S77. What are doiibU) nebula? 87S. What are 
Tarlable nebule ? a. Instances ? 



great neboln in Orion and Axgo have exhibited undoubted varia- 
tions of a marked character. When Sir J. Hersehel observed the latter 
in 1838, the star Eta was of the 1st magnitude and situated in the 
densest part of the nebula ; but in 1867, an observer at Hobart-town^ 
found it within the central vacuity,^ and only of the 6th magnitude. 
It is also stated that the vacuity is materially different in form from 
that represanted by HerscheL Another observer at Madras confirms 
these statements, and adds that the nebula has varied considerably in 
brightness while under his own observation. 

Some of the smaller nebu]» exhibit changes similar to those of the 
variable stars. In 1861, it was noticed by D'Arrest that one in Taur 
rus had disappeared ; and circumstances indicated that this event had 
occurred in 1858. In December, 1861, the nebula reappeared, increased 
in brightness for several months, but in December, 1863, could not be 
found. Phenomena of a similar character were observed by Sir W. 
Harschel. Two stars, surrounded by circular nebulie in 1774, presented 
no traces of these envelopes in 1811. If these objects, as it was formerly 
supposed, were all composed of distinct stars, it would be scarcely pos- 
sible to conceive how such variations or disappearances could occur, 
particularly within the short periods mentioned ; but on the hypothe- 
sis that they consist of diffase luminous matter, each nebula being a 
separate mass, these changes harmonize with what we see among the 
stars themselves. 

-^ 379. Struotubb op the Ukiverse.— The universe has 
been supposed, by many modem astronomers, to consist of 
an infinite number of star-clusters similar to the galaxy, and 
situated at inconceivably immense distances from it and 
from each other. In view, however, of the recent discov- 
eries as to the nature of the nebulae proper, this hypothesis 
can not be considered as established ; and the true structure 
of the universe remains a problem to be solved. 

a. The hypothesis alluded to was a deduction from that which, sup- 
posing every nebula to be resolvable into stars, banished those that 
seemed irresolvable to the uttermost depths of space. Spectrum an- 
alysis having exploded this idea, we are necessarily compelled to 
discard those extravagant conceptions as to the distance of these visible 

QmcsTio^s — 379 Prevailing theory as to the Btrncture of the nnlTerse? a. How 
alfeete<l bj recent diMoveriesf What is proved by them? 
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oljeets. For, itooe we can not penetrate to the remotest parts of ths 
gftlaxj, or reeolve every portion of its milky light into stars, there is no 
reason for belieying tliat those star-dusters, which are readily resolv- 
able, are beyond the confines of our iddereal system ; while the £m^, 
already mentioned, that clusters and nebule are invariably abundant 
where stars are rare, and as invariably wanting where stars abound, 
affords presumptive evidence that all these bodies are physically con- 
nected with the same great system of the universe of which the galaxy 
. itself is a portion. 

6. What other creations occupy the infinitude of space beyond the 
reach of human vision aided by the utmost efibrts of optical and me- 
chanical skill, we can neither know nor perhaps conceive. There is 
reason for believing that light itself is' gradually absorbed and thus 
extinguished in its joumeyings from those remote regions of the uni- 
verse, long before it could reach our little orb and give us intelligence 
of the worlds from which it sped. But that the works of God are 
infinite in extent as they are in perfection and beneficent design, we 
can not but believe ; nor as we contemplate the wonders and glories 
of the starry heavens — ^those unfathomable abysses lit up by millions 
of suns, can we refrain from bowing in adoration and gratitude to 
Him who has endowed us with the intellectual power (tar more won- 
drous than even these worlds themselves) to discover and survey 
their vastness and magnificence, and with those moral and spiritual 
capadties, by the due cultivation of which we may prepare ourselves 
for an existence in that future world where we shall be enabled, in a 
far higher degree, to contemplate His power and to understand His 
infinite wisdom and beneficence. 

QuxBTiovs.— ^. other ereattons in tb« inflnltade of space ? Why nofc dlfeoreisblef 
Veelingi excited by a oontemplation of the starry heavwf? 
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TABLE U.— TUB MINOR PLANETS. 



I 



Jmro 
Vbota 

AlTSJBA 

hbbb 

IKZS 

Flora. 

Mans 

Htgeia 

Parthemopi: 
Victoria . . . 



IRBNB 

BONOMIA.... 
P8TCHE 

Thbtis 

MBI.POMENE. 
FORTUlfA.... 



1, Crrbs. 

a, Pallas . 

8 

4 

6 

6 

T 

8 

10 
11 
12 
18 
14 
16 
16 

16 
90 
21 
22 
28 
24 
26 
26 
2T 
28 
29 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
60 
61 



LUTEIXA 

Oaluope . . . 

Thalia 

Themis 

Phoosa 

Proserpink . 

BUTERPE .... 

Bellona .... 
Ampbitrite 

Urahia 

buphrostke 

Pomona 

polthtmnia 

OXRCB 

Leucothea . 
Atalanta . . 

Fn>E9 

Leda 

LjBTITIA. ... 

Harmonia . . 
Daphne 

I818 

Ariadne — 
Ntsa 

BUGENIA .... 

Hestia 

MBLETE 

Aglaia 

Doris 

Pales 

VlRGimA..... 
NSMAUSA .... 



1801 
1602 
1604 
1807 
1845 
1647 



1848 
1840 
1850 



1851 
1852 



1858 



18.-4 



1S55 



1856 



1857 



1858 



1^ 



Piaxsl 

OlbiM 

Harding — 

Olben 

Heneko 

Heneko 

Hind 

Hind 

anhsiR .... 
De GMparis 

Hind...Vr.. 
De Gasparis 
Hind...Vr.... 
DeOaapariB. 
De Oasparia . 

Lnther. , 

Hind 

Hind 

DeOaaparis. 
Goldaehmidt 

Hind 

Hind , 

DeOaaparla, 
Obaoomae . . 

Luther , 

Hind 

Luther 

Marth 

Hind 

Ferguson ... 
GoldBchmidt, 
Chacomac . . 
Chaoomac . . 
Luther...... 

Goldschmidt 

Lnther 

Chaoomao . . 
Ohaeomae . . 
Gtoldachmidt, 
Ooldachmidt 
Pogson . . . . 

Poison , 

Ooldschmldt. 
Goldsobmidt. 

Pogson 

GoTdsehmldt. 

Luther 

Qoldsehmidt. 
Goldschmidt. 
Ferguson.... 
Laurent 



Palermo 

Bremen 

Ulienthal.... 

Bremen 

Driesden 

Driesden 

London 

London . 

Markree 

Naples 

Naples 

London 

Naples 

London . .. 

Naples 

Naples 

Bilk 

London 

London 

Naples 

Paris 

London 

London 

Naples 

MarseiUes .. 

Bilk 

London 

Bilk 

London 

London 

Wasb'on J> C. 

Paris 

Paris 

Paris 

Bilk 

Paris 

Bilk 

Paris 

Paris 

Puis 

Paris 

Oxford 

Oxford 

Paris 

Paris 

Oxford 

Paris 

Bilk 

Puis 

Paris 

Wash'onJ>.C. 
Nismes 



SI 9 . 



m 



252,060»881 



213»071,812 
216,893,660 
285,681^70 
221,797,635 
218,178,825 
201,278,127 
218,211,458 
288,110,875 
224,181,816 
213,507,600 
236,561,676 
236,441,216 
241,712,109 
267,311,899 
226,166,795 
209,891,226 
228,195,117 
220,311,715 
22^673,236 
906,988,156 
940,194,177 
987,8n,205 
219,507,125 
242,844,896 
214,561,817 
254,036,416 
2:18,609,171 
216,275,870 
288,251,117 
936,656,456 
961,868,478 
245,616,824 
274,897,316 
251,079,425 
241,499,127 
260,631,916 
252,994,125 
907,205,816 
958,188,176 
223,005,867 
-201,445,216 
221,441,119 
248,801,071 
280,904,315 
237,347,157 
263,482,471 
284,293,510 
281,883,016 
242,203,718 
216;296»671 



1,681 
1,684 
1,502 
1,826 
1,5U 
MSO 
1,846 
1,198 
1.847 
2,048 
1,402 
1,302 
1,511 
1,519 
1,570 
1,826 
1,421 
1,270 
1,893 
1,366 
1,888 
1,814 
1,556 
2,036 
1,860 
1,581 
1,818 
1,692 
1,491 
1,829 
2,046 
1,620 
1,770 
1,608 
1,004 
1,662 
1^568 
1,657 
1,681 
1,247 
1,688 
1,802 
1,106 

i,sn 

1,640 
1,467 
1,528 
1,786 
^008 

i,»n 

1,575 
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THE MINOR PLANETS— Continued, 





1 

1 

5a 


SAHt. 


'4 


II 






6 




EtSOPA 


iSiS 


Ooldactimtdt . . 


Vnr\i 


aavM^iio 


1,094 1 




w 


Oalvpso 


*' 


Luther *. 


Bilk 


si9,52a,4Ta 


1,549 




£6 


Alexandha . 


** 


GoldichniML. 


Pftria 


247,fi&8,795 


1,032 




M 


PAJfIM>HA 


*♦ 


eenrlo . * , 


Albany, NV 


202.263,491 


1.074 




&7 


Mnemosvne-- 


ms 


Luther. » 


Bilk.. 


^83.602,221 


2.im 




n« 


OONCOIIDIA. 




Lulber 


Bilk 


240,889, 31fi 


1 ,021 




^ 


DawaI! 


" 


GoMachmidt 


Parlfl 


272,^98,017 


1,SS3 




6C 


OtTMPIA 


" 


Ch MO nine . . . . 


Parli 


a4«,O{i9,10fl 


1,03^ 




er EeATO. ...... . 


** 


FUrster ... 


BeHJn 


2Sfl,HS,0l3 


2,022 




as EcEJo 


" 


FcrKUioti .... 
De Gaapiria . . 


Wa*h*oij.D,0. 


ai8,79e,2fi0 


1,362 




63 


AuaoNiA ..... 


1801 


Naplflft... .. 


218,071.806 


J,3d4 




fi4 


Al^GELINA. ... 


rt 


Temptl 


MmrtllpB., 


^46,117,875 


1,003 




«a 


CVBELE 


** 


Tempel 

Tuwle 


MarieiJlee... 


312,737,914 


2.3)1 




GS 


Maia 


(, 


Camb'ge^Ws.. 


24C,«4,BB6 


3.^:7 




fi7 


Asia * 


it 


Vomon 


Madrai 


221,419.105 


]>377 




OB 


IlEaPERIA , . . . 


'' 


echiapareUl ,. 


MlUn 


2:ijo2,sie 


1,871 




69 
70 


Leto 


„ 


Luther. ,...,.. 
Gotdachmldt.. 


Bilk ......... 


2ji,212,0S9 
238,U3].09& 


1,093 
1,54« 




Panopea. ,. 


Pari* ....... 




71 


Fehonia 


II 


Pteee?* 


Clinton. N, Y. 


207,167,414 


l,:J4fl 




n 


NlOIl£ 


■- 


Luthor , . 


Bilk ., 


251,934,13S 


l.tJ71 




72 


Clytie..,.^. 


]ie^ 


Tutllo 


Camb'g*, Mri.. 
MarielllcJi.^ 


243,806,171 


lp6kH> 




74 


Galatea /. , . 


II 


Tumpfi] 


253,904,819 


1,091 




76 


:EtrRTDrcK , . . 


1' 


Ppt«ri 


Clinton. N. Y. 


244,101.370 


1.693 




7fl 


Fheia 


■* 


D'Arrwt...... 


Cdpeubaaen., 


309,730^916 


2,^77 




77 


FfttCUA-....,. 


t* 


Peter* 


OUntoD.N. y. 


1^44,294 Jl 7 


l,6fl6 




78 


DiAWA 


1Sfl3 


Lutbcr.., 


BUk 


239,798,061 


J, 561 




79 


EuRrsOiiE... 




WftUoii.. 


Ann Arbor., 


223,379,507 


1,3U6 




BO 


Bappho 


ISM 


Pog»oa * 


Madras 


^09,960,819 


1,271 




SI 


TeRP!] CHORE 




IV^mpel ....... 


MaraeUkfl ... 


231,151,257 


1,763 




S^ 
B^ 


ALC3SENK 

Beatrix 


II 
1B05 


Luther .., 

DeOaupari*., 


Bilk 


252,372,100 
£32,M1,136 


1.076 
1,383 




Naplea. 

Bilk. 




H4 


Cljo ..... .. 


Hi 


Luther........ 


21^,457,309 


1,331 




m 


lo 


-I 


Peters,, 


Clinton, K.Y. 


^fc2,01 8,417 


1,573 




80 


Bemele 


IBM 


Tle^en 


Berlin 


282,691,045 


1,9S5 




(17 


eVLVIA 


1. 


PogBon ....... 


Madra* 


319,337,501 


^,m 




BS 


TinsBE.... .. , 


" 


Peters ........ 


CHnton,N.r. 


263,^8,071 


i;0S4 




99 


JULJA 


+* 


Stephnn ... ... 

LmWr 


MarieUkB ... 


233,131,645 


1,480 




90 


AWTIOPK .... 


" 


Bilk 


285,166,306 


2,011 




01 


^aiNA 


" 


Borelly., .,., 


MuTBelllefl.,. 


237,333,004 


1,628 




93 


Unoina 


18&7 


PctitB. ...,.,. 


ClinloD.N.Y. 


291.844,500 


2,081 1 




9a 


Mi.veuva . 


11 


WntJKjii 


Aaa Arbor.. 


2il,98l,0S3 


1,072 




94 


AURORA ..*.*. 


+1 


Wation, 


Ann Arbor... 


260,276,900 


2,002 




99 


A RETU L'sI^A . , . 




Lutlior. 


BUk ,... 


aS0,698,G70 
270,227,320 


l.MO 
1,949 




SG 


.^EOLE 


IS! .8 


OoOTfl>^ ,.. 


UaneUlcB . . . 




9r 


Olotho 


"■ 


Tempcl 


Marseilles . . . 


244,029,075 


1,531 




98 


lAHTElE. 


il 


Peter* ........ 


Clliitoa.N.Y. 


246,308.120 


},O0fl 




9^ 


Dike . *.. 


it 


Borelly 


UAT«ei||EB .. 








lOO 


Hecate 


ki 


Wauon.. 


Ann Arbor.,. 


if7y,649.992 


1,»9J 




loi: 


HELEJfA 


1* 


Wntaop 


Ana Arbor... 


235,219,390 


I>7 




lOfl 


MIRIAJI 


11. 


Petor* 


Gllnton.N.Y. 


243.478,090 


1,688 




ion 


E[£RA 


4i. 


WaUon 


Ana Arbor.,. 


247,04%8flO 


i,aai 




104 


Cltmeme 


• 1 


Watioti 


Adq Arbor... 1 

! 


200,747,410 


2,0^ 



278 



APrSKDIX. 



TUE MINOR PLANETS— CoKtiHusD. 



§1 



|1 



g 9S 



106 



Abtemu., 



106 DlOKE. 

107 
108 



Oamiixa . . 
HiciniA... 

lOOi FSUCITAB. 

no Ltdxa 

Ill 

112 
118 
114 
115 
116 
117 
118 
119 
ISO Lacbesis. 

% 

U8 
IM 
125 
126 
1S7 
128 



AT*, 

iphioenia. . . 
Amalthea.. 
OaibamdHa . 

THTBA 

8IRONA 

LOMIA 

PBITHO 



1868 

u 

1860 
»i 
it 

1870 
i( 

u 

i8n 



1872 



OCHDA 

BBUMHIIAA . 
AX«E8TI8 . . . 



Wation. • .. 
Watson..... 
Pogeon .... 

Lnther , 

Peters , 

Borelly . • . . 

Peters , 

Peters 

Luther 

Peters 

Watson. . . 

Peters 

Borelly .... 

Lather 

Watson 

Borelly . . . 
Watson.... 

Peters 

Peters 

Peters 

Prosper-Henry 
Panl Henry . . . 
Prosper-Henry 
Watson. .. 



Ann Arbor... 
Ann Arbor. . . 

Madras 

Bilk 

Clinton, N.Y. 
Marseilles . . . 
Clinton, N.Y. 
Clinton, N.T. 

Bilk 

Clinton, N.Y. 
Ann Arbor... 
Clinton, K.T. 
MarseUles... 

BUk 

Ann Arbor.. . 
Marseilles... 
Ann Arbor... 
Cninton,K.Y. 
Clinton, N.Y. 
Clinton, N.Y. 

Paris 

Paris 

Paris 

Ann Arbor.. . 



217,603,400 
292,667,480 
325,609,086 
291,986,989 
246,449,665 
244,977,642 
235,487,108 
222,330,474 
217,274,268 
244,630,108 
217,585,114 
254,321,688 
273,092,267 



1,840 

2,091 

2,464 

2,084 

1,618 

1,602 

1,610 

1,386 

1,838 

1,608 

1.840 J 

1,694 

1,884 
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Abkbbatiox of light, 24& 

Aerolites, 22& 

Algol, 257. 

AUgnmenta, method of, 242. 

Altitude, 57. 

true and apparent, 69. 
Altitade of the pole, 60. 
Analemma, ase of, 71. 
Angle, 11. 

measarement of 12. 

of vision, 11. 
Annaal eqaation of the moon, 180. 

parallax, 229.. 
Annular eclipse, 139. 

nebuke, 266. 
Anomalistic year. 
Apogee, 112. 
Apparent motions of the heavenly bodies, 18 

of the inferior planets, 165. 

of the sun, 63. 

of the superior planets, 16S. 
Argo, great nebula in, 271. 
Aspects of the planets, 43. 
Asteroids (see Mmor PUmeta). 
Astnea, discovery of, 200. 
Atmosphere of Jupiter, 178. 

of Mara, 178. 

of the moon, 125^ 

of Saturn, 185. 

of the sun, 107. 
August meteors, 224 ' 
Axial inclinations of the planets, 41. 

rotations of the planets, 40. 

velocity of Jupiter, 175. 
Azimuth, 57. 

Bailt's Beads, 40. 

Beer & Hadler's charts, 125, 17.1 

Belts, Jupiter's, 177. 

Saturn's, 185. 
Biela's comet. 211, 220. 
Binary Stars, 252. 
Bodo's Uw, 39, 196. 
Brorsen's comet, 211. 

Cabdinai. points, hoir determined, 23. 

of ecliptic, 67. 
Celestial equator, 64 

latitude and longitude, 70. 
Central son, 250. 



Centre of gravity of solar system, 20T. 
CentriAigal force, 29, 80, 88. 

law of, 176. 
Centripetal foroe, 29. 
Ceres, disoovery of, 199. 
Chaldeans, 17, 140, 141. 
Chinese observations, 17, 130, CSS. 
Circles, great and small, 16k 

of daily motion, 57. 
Civil day, 95. 
Clusters of stars, 260. 
Coal-sack, 247. 
Colored stars, 251. 
Colures, 67. 
Comet, Biela*s, 220. 

Donati's, 222. 

Encke*s, 218. 

Halley's, 216. 

of 1680, 216. 

of 1744, 212, 220. 

of 1811, 221. 

of 1848, 28L 

of 1844, 212. 

of 1861, 222. 

of 1862, 222. 
Comets, 209. 

direction of motion, 212. 

elements of, 211. 

elliptic or periodic, 21 L 

nucleus of, 215. 

number of, 213. 

orbits of, 209. 

siae of, 213. 

taUs of, 214. 
C/omparative axial inclinations, 41> 

densiUes, 26. 

distances, 88. 

eccentricities, 34 

magnitudes, 26. 

masses, 27. 

orbital velocities, 4^. 

times of rotation, 41 
Conic sections, 210. 
(Joqjunction,43. 
Constant day and night, 74 

at Jupiter, 176. 

at Mars, 172. 
Constellations, 281. 

catalogue of, 288. 

dasiiireation of, 282, 
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ConBtellationiL hiitory of, 234. 

number of, 332. 

Uble for learning, 289. 
Copemioan syBtem, 18. 
Copernicus, a lunar mountain, 127. 
Corona, in aolar eclipse, 140. 
Cotidal lines, 147. 
Craters, lunar, 127 
Crystalline spheres, 20. 
Culmination, 66. 
Cusps, of Mercury, 168. 

of Venus, 16X 

D'Abbest's comet, 211. 
Day and night, 73. 
Declination, 67. 

circle of, 67 
Degree, length of, 89. 
Densities of the planets, 26. 
Derivative tides, 147. 
De Vico*s comet, 211. 
Difference of time, 61 . 

of longitude, 61. 
Digits, 13$. 

Dip of the horizon, 55. 
Distances of the plaiictH, •H. 
Diurnal arc, 60. 
Donati's comet, 220. 
Double stars, 261. 

Eabtii, density of, 102. 

diameter of, 90. 

distance from the 8uii, 99. 

general form of, 49. 

rotation of, 17. 

size of, to find, 88. 

spheroidal form, 8S. 
Earth's orbit, eccentricity of, 101. 

variation in, 86. 
Earthshine on the moon, 123. 
Kocentricity, 14 

of planets' orbits, 34. 

of stellar orbitP, 253. 
Eclipse, first recorded, 141. 
Eclipses, 131. 

annular, 139. 

central, 188. 

cycle of, 139. 

number in a year, 135. 

phenomena of, 140. ■ --^^ 

total and partial, 13S. "^"\ 
EcUptic, 64. 

obliqnity variable, 92. 
Ecliptic limits, 182, 133. 
Elements of a planet's orbit, 205. 

of a comet H, 211. 
Ellipse, defined, 14. 

major and minor axes of, 14. 
Elliptic comets, 211. 

nebulie, 266. 
Elongation, 44. 

extreme, 160. 

of planets at Neptune, 102. 
Kncke's comet, 218. 
Epicycle, 31. 



Equation of the centre, 85. 

of time, 96. 
Equator, 60. 
Equinoctial, 64. 

spring tides, 146. 
Equinoxes, 64, 66.* 
Establishment of the port, 147. 
Evection, 129. 
Evening and morning star, 47, 168. 

Facvl^s, 106. 

Faye's comet, 211. 

Fire balls, 226. 

Fixed stars, IS. (See S^ars."^ 

Fizean's experiments on light, 182. 

Foci, 14 

Force, centrifugal, 29, SO. 

oentripetol, 29. 

impulsive and continuous, 29. 

Galactic circle and poles, C4S. 
Galaxy, 246. 
GalUeo, 18, 104. 
Goalie, Dr., finds Neptune, ISO. 
Geocentric place, 206. 
Georgium Sidus, 192. 
Gravitation, law of, 29. 
how discovered, 30. 
Great inequality of Jupiter and Saturn, 206 
Greek alphabet, 232. 

Hallrt's comet, 216, 217. 
Harvest moon, 117. 
Heliocentric place, 205. 
Ilerschel, Sir W., 183, 186, 190, 248, 260, 
263,264. 

theory of solar spots, 107. 

nebular theory, 264. 
Herschel, Sir J., 24, 109, 15:<, 174, 1T7, 271. 
Horizon, 64. 

dip of, 66. 

rational, 66. 
Horizontal parallax, 60. 
Horrox, 163. 
Hour angle, 67. 

circle, 67. 
Hourly motions of the planets^ 4QI 
Humboldt, 110, 22.3. 
Hunter's moon, 118. 
Hyperbola, 210. 

i 

Inclination of orbit, 3G, 37. 

of axis, 41. 
Inequalities, 204. 

Inequality of Jupiter and Saturn, 20& 
Inertia, 146. 
Inferior planets, 149. 

Juno, discovery of, 199. 
Jupiter, 174. 
Jupiter's satellites, 178. 

eclipses of, 180. 

libration of, 181. 

Keplis's laws, 30, 33. 
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Kep1er*fl 8d lair, applied, 188, 193. 
Kepler's star, 269. 

Laplaob, 180, 148, 181, 206. 
LaBseU, 23, 186, 188, 197, 257. 
Latitude and longitude, ^. 
Law, Bode's 39, 190. 

of oblateness, 175. 
T^ws, Kepler's, 30, 83. 
Lexell'8 comet, 220. 
Librations of the moon, 121. 
Light and heat at Jupiter, 177. 

Mercury, 154. 

Neptune, 197 

Satunit 184. 
Light, aberration of, 245. 

extinction of, in space, 274. 

intensity of, at different planett^ 109. 

solar, comparative intensity of, lOD. 

velocity of, 182. 
Limits, ecliptic, 182, 133. 

transit, 155. 
Longest day and night, T6. 
Longitude, 4B. 

how found, 182. 
Lost or missing stars, 160. 
Lunar axis, position of, 122. 

inclination of, 122. 
Lunar day and night, 123. 
Lunar mountainci, 126. 

height of, 127. 

eblipses, 135. 
Lunar irregularities, 12S. 

theory, 130. 
Lunation, 116. 

Madles's chart of Mars, 173. 

of the moon, 125. 
Magellanic clouds, 272. 
M^jorand minor axes, 14. 
Mars, 168. 

distance found by phases, 1C9. 

parallax of, hoir found, 171. 

ruddy color of, 174. 

polar hemispheres of, 178. 
Mass, 25. 

of earth and sun, 102. 

of the planets, 27. 

of sun and planets, how to find, 207. 

of Sirins, 254. 
M jan and true place, 35 
Mercury, 149. 

mass of, 151, 210. 

mountains in, 153. 

transits of, 155. 
Meridian of a place, 56. 
Meridian circles, 50. 

length of a degree of, 89. 
Meridian altitude of the sun, 66. 
Meteoric dust, 227 

epochs, 224. 

rings or streams, 224 

satellites of the earth, 226. 

transits, 227. 

theory of sun's heat, 111. 



Meteoric theory of minor planets, 328. 
Meteors, 228. 

August, 224 

cosmical origin of, 225. 

November, 227. 

number of, 225. 

physical origin of, 228. 
Milky Way, 246. (Sec Gatosi/.) 
Million, idea of, 88. 
Minor planets, 199. 

magnitude of, 26, 201. 

mass of, 26. 

origin of, 202. 

principal discoverer.*; of, 200. 
Mira, the wonderful stor, 257. 
Moon, 112. 

harvest, 117. 

librations of, 121. 

phases of, 114. 

synodic and sidereal periods of, 116. 
>Ioonlight, in winter, 118. 

in polar regions, 118. 
Morning and evening star, 217. 
Motion, laws of, 28. 

curvilinear, 29. 

resultant, 29. 
Mutual attractions of the planets, 202. 

Nadib, 56. 

Nasmyth's " Willow Leaves," 107. 

Nebular hypothesis, 20?. 

theory of Herschel, ?C4. 
Nebula in Andromeda, 265. 

inArgo, 271. 

in Lyra, 266. 

m Orion, 271. 

Crab, 271. . 

Dumb-bell, 271. 
Nebulee, 263. 

annular, 266. 

conietary, 169. 

double, 272. 

elliptic, 265. 

irregular, 270. 

planetary, 267. 

resolvable and irresolvable, 26% 

spiral, 266. 

stellar, 268. 
I variable, 1-72. 

I gaseous nature of, 264. 

where abundant, 265. 
I Nebulous stars, 26). 
I Neptune, 194 

discovery of, 195. 

sateUite of, 197 

supposed ring, 197. 
Newton, CO, 34, 144 
Nocturnal arc, 59. 
^ Nodes, 36. 
November meteors, 227. 
Nutation, 244 

how discovered, 245. 

solar and lunar, 245. 

I OuLATENESS, of the earth, 90. 
1 law of, 175 
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ObUqm ipben, 81 
ObUqnltj of fhe ecUptle, 6& 

▼aiiAtlon in, 99. 
OooalUtton, 141. 
Olbera, IM. 200 

theory m to Mteroidi^ 8M. 
Oppoiteion, 48. 
OrUti, planetary, 8S-3T. 

•eoentrieity of. 34. 

IneUnation of, SO. 

of eometa, 80, 210. 

of meteora, 887. 

of aateUites. 180, 19a 

of atarm 808, 854. 

Pallas, 199. 

Parabola, 810 

Parallactie inequality, Innar, 190 

Parallaz, 60. 

of the moon, 00, 118. 

of the Ban, 164, 171. 

of the itara, 889, 854 
Parallel sphere, 5S. 
ParaUela of latitude, 61. 
Pendulum, a measure of grarity, 88. 
Penumbra, 181. 
Perigee, 112. 
Periodic eometa, 811. 

meteors, 288. 

stars, 85S. 

times of the planets, 39. 
Perpetual apparinon, drde of, 68^ 

oeeultanoii, circle of, 69. 
Perturbatioos, ^04 
Phases of Mars, 168. 

of themoo-1, 114 

of Venus, 166. 
Phenomena of the heayenly bodies, 17. 
Photosphere of the sun, lOi. 
Plane, defined, 10. 
Planetary nebulae, 867. 
Planets, 80. 

oomparatire densities, 86. 

elements of orbits, 206. 

mijor and terrestrial, 26. 

masses of, 27. 

mutual attractions of, 204 

orbital eoeentricities, 34 

orbital inclinations, 37. 

orbital Telodties, 40 

relatiye distances, '68. 

rotations, 41. 
Pleiades, 843. 
Polar circles, 76. 
Polaris (see Pole-atar). 
Poles, of a drcie, 16u 

galactic, 248. 

terrestrial, 60. 
Pole-stor, 844 
Positions of the sphere, 68. 
Pnt'Sepe, 261. 
Precession of the equlno.-i.'S, TO. 

cause of, 90. 

efiiectof,91, 241. 

lunar, 122. 



Prime meridian, 50. 

yertleal,57. 
Priming and lagging of the ttdea, 147. 
PrimitiTe tides, uf 
Problem of Three Bodies, 804 
Problems for the globe, 52, 70, 79, 06, C4L 
Ptdemaic system, 18. 
Ptolemy, 18, 189, 238. 
Pythagoras, 18. 

QUADBATUKE, 144. 

Qnartile, 46^ 

Questloos for exercise, 48. 

Hadiatiko streaks on the lunar disc, 137 
Radius-vector, 38. 
Risfraction, 61. 

amount at different altitudes, 6S 

effect of, 68. 

effect in a lunar edipse, 141. 
Redsting medium, 817. 
Resolvable nebulas, 264 
Ketrogradation, arc of, 169. 

duration o^ 169. 
Retrograde moUon. 163. 
Right ascendon, 67. 

sphere, 58. 
Ring mountains, lunar, 127. 
Rings, meteoric 224 

of Saturn, 186. 
Roemer, 182. 
Rotation of nebulas '^66. 

planets, 42. 

Satom's rings, 187. 

sateUites. 190. 

stars, 867. 

sun, 42. 

8.vTELLiTa of Neptune. 197. 

of Sirins, 261, 265. 
SateUites of Jupiter, ITS. 

Saturn, 189. 

Uranus, 28, 194 
Saturn, 182. 

belts of, 186. 
' cdestial phenomena at, 19^" 

dendty, 184 

equatorial vdodty of, 184 

mass, 184 

oblateness, 183. 

rings, 185.189. 

sateUites, 169, 190. 

tdescopic view of^ 187. 
Sehroeter, 163, 169. 

Schwabe^s researches on solar spots, 104 
Secondary drdes, 60. 

planets (see SateUitea). 
Secular acceleration, lunar, ISO. 

perturbations, 204 

rariations, 20& 
Seasons, 82. 

length of, unequal, S4 
▼ariable, 96. 
Selenograpy, 124 
SextUo, 46. 
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fihadoir, etrtli^i, 181. 

moon's 187. 
Shooting stars (see JMsors> 
8idere»l day, 92. 

month, 116. 

year, 96. 

period of Jupiter, 175. 
Mars, 172. 
Mercury, 154. 
moon, lis. 
Neptune, 190. 
Satnm, 188. 
Uranus, 19a 
Venus, 162. 
Signs of the ecliptic, 68. 

of planets (see each). 
Bine of an angle, 101. 
Snow and ice at Mars, 173. 
Solar day, 9a 

edipses, 135. 

heat, theory of. 111. 

light, intensity of, 109. 

parallax, 163, 171. 

spots, 103-106. 

system, 18. 

motion of, 250. 
Solstices, 64. 
Spectrum analysis, 265. 
Sphere, defined, 14. 

positions of, 58. 
Spheroid, oblate and prolate, 16. 
itabUity of Saturn's rings, 187. 

solar system, 207. 
Stars, 229. 

apparent places of, 244. 

binary, 252. 

colored, %1. 

double, 251. 

distance of, 830. 

list of principal, 240. 

lost or missing, 260. 

magnitudes of, 2B0. 

multiple, 260, 256 

names of, 232, 240. 

nebulous, 269. 

new, 268. 

parallax of, 229. 

physical constitution of, 25& 

proper motion of, 249. 

scintillation of, 229. 

shooting or falling, 223. 

temporary, 260. 

yariable, 257. 
Star clusters, 260. 

conflagration of a, 269. 

figures, 241. 

groups, 261. 

Kepler* B, 253. 

names, 240. 

showers, 228. 

Tycho'B, 268. 
Stationary points, 167-169 
Structure of the unirerse, 27a 
Sun, 100. 

a small star, 265. 



Son, a nelmloni star, tn, 

apparent and real diameters of, 101. 

apparent motions of, 68, 64 

apparent magnitude, 209. 

distance from the earth, 99. 

inclination of axis, 104. 

mass, 102, 207. 

meridian altitude, 66. 

motion of, in space, 109, 2S0L 

photosphere of, 107. 

physical oonstitntion of, 107. 

snr&ce and volume, 102. 
Sun's heat and light. 111. 
Superficial grari^ at Jupiter, 176k 

Mercury, 15a 

Saturn, 184. 

Venus, 169. 
Superior planets, 168. 
Synodic period, 45. 
Sycygies, 11& 

Tklssootb, inrention of, 20. 
Telescopic views of Jupiter, ITS. 

of the moon, 126. 

of Saturn, 187. 
Temporary stars, 260. 
Thales,140. 
Theory, meteoric, 111, 229. 

of nebulsB, 264 

of solar spots, 107. 

of »>diacallight,lll. 
Theta Orionis, 266. 
Three Bodies, problem of, 204 
Tidal force of sun and moon, 14S. 
Tides, cause of, 142. 

equinoctial spring, 144 

flood and ebb, 142. 

height of, 145, 148. 

highest, 14a 

how retarded, 146. 

of rivers and lakes, 14S. 

priming and iMging, 147. 

primitive and derivictive, 143L 

why they rise later, 146. 
Tide waves, 146. 

velocity of, 14a 
Time, 92. 

equation of, 95. 
Transits, meteoric, 227. 

of Jupiter's satelUtes, isa 

of Mercury, 165. 

of Titan, 19a 

of Venus, 163. 
Trapexinm of Orion, 256. 
Triangle, defined, 18. 
Trine, 45. 
Tropics, 74. 
TwUight, 77. 

Twinkling of the stars, 229. 
TychoBrahe,258, 264 
Tycho, a lunar mountain, 127. 

Umbba, 131. 
Uranus, 191. 

elongation of planets at, 19^ 
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UranuB, existence predicted hj Clftlmit, 

MteliteB of, 23, 194. 
Bunriae and Bunset at, 192. 

'Vasiaulk nebulje, 272. 

Btara, 257. 
Variation, lunar, 120. 

of obliquity of ediptic, 92. 

in length of Beaeona, 86. 
Velocity of solar aystem, 110, 260. 
Velocities of planets, 40. 
Venus, 156. 

atmospbere of, 160. 

mountains in, 159. 

when most brilliant, 158 
Vertical circles, 56. 

sun, 74. 
Vesta, 199. 
Visual angle, 11. 
Volumes of sun and planets, 24. 
Vulcan, 22, 149. 



Wii,ao2r*8 theory of sntf i ipMSi 101. 
Winnecke's comet, 211. 
Wolfs researches on Rttn*a •pots, IC6. 
WoUaston's estimate of mmU light, 100. 
diiooyery of lines in solar spectrum, 
256. 
Wright* s theory of the Universe, 248. 

Ybab, anomalistic, 97. 
civU,96. 

equinoctial or solar, 96. 
sidereal, 06. 
tropical, 96. 

Zknitr, 56. 
2Senith distance, 57. 
Zodiac, 68. 

constellations of, 233. 
ZodUcal light, 110. 

canse of. 111. 

theory of Chaplain Jones, 11QL 

theory of Trof. Norton, 111. 
Zones, 87. 
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Standard Text-books. 

" // is sratifytng to olserve the perfection to which this firm has attained 
in the manufacture of School Books^ as also the merited success of their 
books^ ^or they are probably the most widely used of any similar publica- 
tions issued in this country. All are standard and unsurpassed^ and 
deservedly stand in the front ranky 

This justly-popular Series of Text-Books is noted for its freshness, com- 
pleteness, admirable gradation, and the beauty and substantial nature of 
Its manufacture. It comprises a full and thorough course of study, iTom 
the simplest Primer to the most advanced Mathematical and Scientific work. 
Among which are : 

SANDERS' UNION READERS, 

AMERICAN EDUCATIONAL READERS, 
SWINTON'S WORD-BOOK SERIES, 
ROBlNSON^S MATHEMATICS, 
KERL'S GRAMMARS, 

WEBSTER'S DICTIONARIES, \ 

GRAY'S BOTANIES, j 

SPENCERIAN COPY-BOOKS, I 
BRYANT & STRATTON'S BOOK-KEEPING, 
WILLSON'S HISTORIES, 

SWINTON'S HISTORIES, ' 

FASQUELLE'S FRENCH COURSE, 

WOODBURY'S GERMAN COURSE, 
WELLS' SCIENCE, 

ELIOT & STORER'S CHEMISTRY, 
©ANA'S GEOLOGY, 

SILLIMAN'S PHYS. AND CHEM. 
And many other well-kno^n works. 

Our New Illustrated Catalogue, descriptive of the American Educa- 
tional Series, comprising the titles of nearly three hundred works in almost 
every branch of educational literature, will be mailed free to any address, 
or presented gratuitously on application. Teachers and school officers will 
find it very valuable for reference, giving as it does a fuller description of 
each of our publications than can be found elsewhere. 

*♦* THE EDUCATIONAL REPORTER— Full of interesting and 
valuable Educational information, is published three times a year, bearing 
date respectively January, May and September, and will be sent to teachers 
and educationists, without charge, on application. 

Ivison, Blakeman, Taylor & Co., 

EDUCATIONAL PUBLISHERS, 

X38 & 140 Grand St., New York. 133 & 135 State St., Chicago. 
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I The Standard School Dictionaries 

I or THS 

j ENGLISH LANGUAGE. 

By NOAH WEBSTER, LL. D. 

I This popular Series is rery justly regarded as the only National stand- 
ard authority in Okthogkaphy, DsFiNmoN and Pronunciation, and as such, 
these worlcs are respectfully commended to Teachers and others as the 
; best Dictionaries in use. 

More thanTBN times as many are sold of Wbbstbr's Dictionaries as of 
any other series in this country, and they are much more extensively used 
than all others combined. 

At least four-fifths of all the School-Books published in this country own 
WBBSTsa as their standard; and, of the remainder, few aclcnowledge any 
standtu'd. 

New Editions of the Primary, Common School, High School, Academic, 
and Counting-House Dictionaries, have been issued, containing important 
additions and improvements, and copiously illuttraied. The cuts are num- 
erous and finely engraved, and introduced not merely as embellishments, 
but as veritabu illustrationty and designed to give a better understanding 
of the w ords and terms under which tney occur. 

^P* Dtscriptive Cikculaxs, with titles and pricesy/orwardtd on afpU' 
cation. 



THE GREAT STANDARD. 

WEBSTER'S UNABRIDGED DICTIONARY. New Illustrated 
Edition. Thoroughly revised and much enlarged. Publi^ied by 
G. ft C. Mbrriam, Springfield, Mass. In one volume, royal quarto, 
1,840 pages, in various common and fine bindings. Price, plain sheep, 
marble edges, % 

It contains over 3,000 fine engravings. 

It contains 10,000 words and meanings not in other dictionaries. 
It is a well-nigh indispensable requisite for every lawyer, cleig3nnan, 
and other professional man, as well as every intelligent fiimily. 

It contains one-fifth, or one-fourth more matter than any former editions. 
It is from new electrotype plates and the Riverside Press. 

VTHE EDUCATIONAL REPORTER— Full of interesting and 
valuable Educational information, is published three times a year, bearing 
date respectively January, May and September, and will be sent to teachers 
and educationists, without charge, on application. 

Ivison, Blakeman, Taylor & Co., 

KDUCATIONAL PUBLISHERS, 

138 & 140 Grand St., New York. 133 & [j5 State St., Chicago. 



8/|^t %mtTwm (Simtational Series. 

robinson's 
Progressive Course of Mathematics. 

This Series, being the freshest, most complete and scientific course of 
Mathematical Text-Books published, is more extensively used in the Schools 
and Educational Institutions of the United States, than any competing 
series. 

In its preparation, two objects have been kept constantly in view: Firs/^ 
to furnish a full and complete Series of Text-Books, which should be suffi- 
cient to give the pup\\9,thoTOUghKndj^racfical6ustne*s£ducatton : Second^ 
to secure that intellectual culture without which the mere acquisition of 
book knowledge is almost worthless. 

All the improvements of the bett modem Text-Books, as well as many 
new and original methods, and tactical oferations^ not found in other simi- 
lar works, have been incorporated into these books, and no labor or 
expense has been spared to give to the public a clear, scientific, compre- 
hensive, and complete system, not encumbered with unnecessary theories, 
but combining and systematizing real iMpre/vemente of a practical and 
useful kind. 

Thit Series it more largely in use than any competing series^ and is 
used in more Normal Schools than all other series combined. 

Robinson^s is justly pronounced superior to all other mathematical series. 

in conforming to the leg.xl standard^ and to the law of usage in the I 
use of tc ble forms and applications, I 

\vi philosophical and scientific arrangement 

In conciseness of rules, brevity and accuracy of definitions. 

In number and variety Oii practical examples. 

Vafull^ logical^ and comprehensive analyses. 

In nexv^ original^ and improved methods of operations. 

In adaptation to the various grades of scholarship in m1 our Schools. 

In unity of plan, and in clearness 9Sid perspicuity of style. 

In scientific accuracy^ combined yiri^ practical utility. 

In typography^ bindings and beauty, 

f0f Full descriptive Circulars of the series^ with titles and prices ^ 
will be sent by mail on application, 

V THE EDUCATIONAL REPORTER-FuU of interesting and 
valuable Educational information, is published three times a year, bearing 
date respectively January, May and September, and will be sent to teachers 
tind educationists, without charge, on application. 

Mson, Blakeman, Taylor & Co., 

BOUCATIONAL PUBLISHBRS, 

xal dt Z40 Grand St., Nbw York. 133 & 135 Stats St., Chicago. 



le ^merkan ^bucattonal Series. 

_ 

A Pocket Dictionary 

OF THE 

ENGLISH LANGUAGE. 

ABRIDGED FHOM WEBSTER'S QUARTO. Illustrated with 
nearly Two Hun^Ved Engravings on Wood. By Wm. G. Webster 
and Wm. A. Wheelij,!?. 

This volume embraces a careful selection of more than 18,000 of the 
most important words of the lan^ua^e. The introduction contains, beside I 
the Pictorial Illustrations, Tables cf Money, Weight, and Measure, Abbre- 
viations, Words, Phrases, Proverbs, &c., from the Greek, the Latin, and 
the Modern Foreign Languages, Rules for Spelling, &c., &c., making 
altogether the most complete and useful pocket companion extant. It is 
beautifully printed on tinted paper and bound in three different styles. 
Cloth, cents ; flexible, cents ; tucks, gilt edges, $ Sent by mail on 
receipt of the price. 

Rambles Among Words. 

THEIR POETRY, HISTORY AND WISDOM. By Wm. Swinton, 
A. M. Handsomely bound in flexible cloth, and marbled edges. 302 
• pages. Price! Single cipies by mail on receipt of the price. 



Spencerian Key. 

For the use of Teachers, Pupils and Professional Penmen. It is the 
only Complete and Practical Guide to the Science of Penmanship pub- 
lished, and with its use little difliculty w!ll be found in teaching wnting 
successfully. Price f By mail on receipt of price. 

Reading and Elocution. 

By Anna T. Randall. 

Though this work has been but recently published, it has attained a flat- 
tering success, being[ now introduced and in use in a large number of 
the best educational institution, in the country. It is intended to be used 
separately, or in connection with any series of books for instruction in 
the art of reading. 1 vol. larao., 450 pages. Price, by mail, $ 

%* THE EDUCATIONAL REPORTER— Full of interesting and 
valuable Educational information, is published three times a year, bearing 
i date respectively January, May and September, and will be sent to teachers 
and educationists, without charge, on application. 

Ivison, Blakeman, Taylor & Co., 

EDUCATIONAL PUBLISHERS, 

138 & 140 Grand St., Xew York. X33 & 135 State St., Chicago. 
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